
-- r% Form Approved"'rCMRAITArlIOW A 0MB No. 0704-0188
rmtion is estimated to average 1 hour oer response. including the time for reviewijng instructions. searching existing data sources.completing and reviewing 'he collection of information. Send comments regard ng thi bu rden estimate or any other aspect cif thisA D -A 956 500 Oi rneducing this burdlen. to *aSshingtor. Headquarters Services, Directorate for information Opestmi'ns andi Reports. 1215 jeflewsoIIIIIIIIIIIIII712.IREIPORT DATEI j--IRREPORT TYPE AND DATES COVERED

4.1HWNOH ENVIRONMENTAL FATE AND PHYTOTOXICITY OF DIMP AND 5. FUNDING NUMBERS
DCPD

6. AUTHOR(S) AD175CS6
O'DONCIVAN, P., WOODWARD, J.

7. PEPWORMING ORGANIZAYION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

ý.tPOJET ORDNANCE AND MANUFACTURING CO.REOTNME
DOWNEY, CA

81335R08

9. SPONSORING/ MONITORING AGENCY NAME(S) AND ADOR (10. SPONSORING /MONITORING
AGENCY REPORT NUMBER

ARMY MEDICAL RESEARCH AND DEVELOPMENT COMMANDf

W A S H I N G T O N ,~ D C !ý I

11. SUPPLEMENTARY NOTES).- --

12a. DISTRIBUTION /AVAILABILITY STATEMENT 12b. DISTRIBUTIOiO CODE

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION IS UNLIMITED

13. ABSYRACT (Maximum 200 words)
THE OBJECTIVE WAS TO STUDY THR.EE ASPECTS OF THE PROBLEM OF CONTAMINANT CHEMICALS
IN THE SOIL OF ROCKY MOUNTAIN ARSENAL, COLORADO IN PARTICULAR AND OTHER SOILS IN
GENERAL: (1) THE DETERMINATION OF CONCENTRATION LEVELS OF THE CONTAMINANTS THAT
WOULD PRODUCE PHYTOTOXIC SYMPTOMS IN PLANTS, (2) ESTABLISHING THE EXISTENCE AND
DEGREE OF THE BIOCONCENTRATION OF THESE CHEMICALS IN THE PLANTS, AND (3) A STUDY
OF THE STABILITY OR MOVEMENT OF THESE CHEMICALS IN VARIOUS TYPES OF SOILS WITH
TWO METHODS OF APPLICATION. THE SPECIFIC CHEMICALS OF INTEREST IN THIS STUDY
WERE DIMP AND DCPD.

14. SUBJECT TERMS 15, NUMBER OF PAGES
CONTAMINANTS, SOIL, CHEMICALS, PLANTS, DICYCLOPENTADIEME

16. PRIICE CODE

17. SECURITY CLASSIFICATION 18.- SECU-RITY CLASSIFICATION 19. SECURITY CLASSIFICATION -20, LIMITATION OF ABSTRACT
UNEWW~?IED OF THIS PAGE OF ABSTRACT

A') ')SStaow1ir~ -firm .913 f( v 2-89)
14# . . ' I-l#A 701



DISCLAIMEI NO7RJC

THIS DOCUMENT IS BEST

QUALITY AVAILABLE. THE COPY

FURNISHED TO DTIC CONTAINED

A SIGNIFICANT NUMBER OF

PAGES WHICH DO NOT

REPRODUCE LEGIBLY.



81335R08
original

i -f j "*I ' II I* - '

3 31953-01(01)FP - , 1 . 3

P 45

6 INVESTIGATIONS OF THE! ENVIRONMENTAL FATE, 67 I t7
8 AND PHYTOTOXICITY OF DIMP AND DCPD 1 89 1 _ 9

10 Accesioi For ,,10
NTIS CR('.&I ,I 'v.*.. 4 • I

i2 DTIC 1/\8 FINAL IEPORT " .z

45 ' ' c o ly"( j.
"-n , IcIfýI . i .1 1 I

16 By ................... P.A. O'DONOVAN,"t,. 16
17 Distfibtitionl J. E. WOODWARD I -7

4 Availability Codes19 -19
iAvail andjor 20

I 3
I 2 _____ JU_1,7__I

23 Supported by
'II [II ,

U.S. ARMY MEDICAL RESEARCH AND DEVELOPMENT COMMAND I?
26 Washington, 'D.C. 20314 I .26

?I I

28I PROJECT OFFICER: Captain John P. Glennon ,
291 I 1 29
30 ! NContract No. DAMD-17-75-C-5069 30

31 31,Aerojet Ordnance and lManufaccuring Company .)3

33: 1133
34 Downey, California 90241 34*:I5 Cb I 335 oYt 35

36 APPROVED FOR PUBLIC RELEASE; I3637 DISTRIBUTION UN LIMITED I37

3~I

The £indingjs in this report are not to be construed as an

official Deparbtment of the Army position unless so designated' - .
by Njther a~tthorized documents I43! I 43

L ~ i I

93-27138 i
I- - -

I •..•.. .. / ,



Ai

1953-011(01) FP

SUMMARY

"- I
3I[ I3

4 Contract No. DAMD-17-75-C-5069 had as its objective a study of three aspects 4
of the problem of contaminant chemicals in the soil of Rock-y Mountain Arsen~l5i . iRMA), Colorado in particular and t': suils in general. The three asp',ects 6

7 Of the problem studied were (1) the determination of concentration levelsý of 7

the contaminants that would produce phytotoxic symptoms in plints, (2) esta 1-

Siishing the existence and degree of thel bioconcentration of these chernicasls9 '9
S0 n the plants and (3) a study of the stabiilty or movement of these chemicials 110

1 n various types of soil with two methods of application. ii
12 1 12

13 he specific chemicals of interest in t is study were DIMP (diisopropyl 1 13
.methyl phosphonate) and DCPD (dicyclopentadiene). These two chemicals I'1

have been identified as contaminants in RMA soil and are waste product

16 in the case of DIM?, former war gas manufacturing; and in the case ol IC P 16

1 7 of pesticide manufacturing by a commercial user of the RMA facility. I I17
i's 18

1 G The methods selected for studying the behavior of plants treated with" th 19
subject chemicals were hydroponic culture for the broad survey-range fInd- 20

S 21 ing approach and soil culture for the m. ore specific determination of effect i21

what llarse adjpl rI23Sevels. The hydroponic studies used ten species of Plants: corn beans• _?Z ' 3• !radish, wheat, tomato, carrot, sugar'beet, meadow fescue, rose, and jui~. •

4:The soil studies included carrot, wheat, alfalfa, sugar beet, and bean.

S 2" 'The hydroponic studies were conducted' in two greenihouses in perforatedl |i20,

plastic tubs in which the plant roots were supported in loosely packed gra7
28 ýand the nutrient solutions, which bathed the roots constantly, were aereated 28

Z9 by bubbling air fromr an aquarium pump. One 5-gal container of nutrent solJ- 129
30 tion supplied each five test plants. Tile plants were grown from seed tol 30

3 'maturity and observed for symptoms 6f phytotoxicity at 0, 1, 10, 100, ald 31
"19 11000 ppnm levels of either DIMP or DCrD. 32

33 1 l 3 3

34 one of the soil studies was conducted .n three greenhouse rooms in which 134
35 :the seeds were planted in 3-gel, hgclaiypolyethylene, bakgr-owti 3

'6 ;containers in Fullerton sandy loam using DIMP or DCPD as the contaminant. 1 36
37 iThe concentrations of contaminant in the irrigation water used in these tests 137

were 0, 1, 8 and 20 ppm. Another series of toxic range finding tests was 38
39 'conducted in soil in a separate greenhouse in which concentrpttion levels of 1 39

0 , 50, 100, 300, 500, 700, and 1000 ppmn of the contaminants in the irripa-

t tion water were -•e-.s 6d41
" I• I "--

-The observation of phytotoxic symptoms including stunting of plants, lea~f tip 1 43
I 1 1 4 A

'burn, and leaf necrosis in thejhydroporlic bath tests indicated that a phytotox Cj
-y|

- ..-.I
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i effect could be seen, in the case of DIMP, at a level between 10 and 100 ppm I
of DLMP. Severe tissue damage occurred in most plants above the 100-ppm 2, ~~'level. In the DrPD series of plants only the 1000-ppm treatment Irdc

";substantial stunting of some plants. I 14

iThe weight of the plant tissues produced in the soil growth experiments %eas 6
7 determined. The variation between pl'ant weights was such that no uniqup 7

Ssymptons of phytotoxic effect could be assigned to any given contaminant 8
9 level or type indicating that 20 ppm was somewhat below an effect level ior 9

1 0 either chemical. r
110

12 c sults of the second soil culture range-finding series of tests were cornpati 1e 12
13 with the above conclusion in that at maturity the plants treated with 50 ppm i 13

DIMP were just beginning to show ma ginal symptoms of phytotoxicity ard tha 14
DCPD plants showed no such symptoms at any of 't- Lest concentrations 15

TI 16
17 'The ability of the same plants used above to take up contaminants and coo- 171 icentrate them in the plant tissues was1measured by harvesting and analy'zing Is
1G the various tissues of the treated plants. In the case of DIMP contamination 19
20 Ibioconcentration was demonstrated in all varieties of plant tested except for 20

i !the juniper. The bioconcetitration was centered chiefly in the leaves of the 21
. __jpants. LBioconcentration factor was defined as the concentration of contaminant22

' 23 in the living plant tissue divided by thý concentration in the nutrient or irri- Z3
I !o intentin r iri

24 gation liquid. With the exception of corn leaves, which are several timrs 124
higher, these factors have a distributi on for DIMP in the plants tested arouna 75

2j b I 20X and below. I 26
27 1 27
28 The stems and roots generally show considerably less concentration thai do 28
29 the leaves. The DI.MP in solution thuý following the general water moveX-nenl i Z9
30 in the plant is somehow trapped in the' leaves and accumulates these as tOe 30
31 water is lost through the various transpiration mechanisms. The biocon- 31
32 centration is in evidence in plants grown in both the hydroponic culture and 3z
33 the soil culture. 133
34 I 134
35 No bioconcentration was demonstrated in the case of plants treated with X•PD.C 35
36I 36
37 Anoth.r group of seeds of sugar beet, bean, wheat, alfalfa, and carrot was 37

plart, . in contaminated soil and irrigated wit' water contaminated with 1 38
39 :var - levels of DIMP and DCPD up to 1000 ppm. No reduction in the humbeli 39
4 G ot .ominated seeds over a control group was noted. At 7 to 10 days Post 40

)emergence the phytotoxic efirecto1 ohe DIMP1 aisnt•Wi- Rd th•- Reaf Edii•F-nd -- i 41
necrosis were beginning to occur. Thc plants growt, 1, the DGPD contamina t 42

"> did not show these symptoms. I i43
"" L J 4 4 J .Il

ii1

- ...°-1.--ElI
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The analytical method used for both contaminants was essentially the sa*Ie I l

and consisted of harvesting selected plant tissues, extraction by homogenizing

them in a solvent, clarifying the solvent, and subjecting an aliquot of thel 3
chromatography. In the case of DIDP samples the 1 4

chromatographic column eluate was directed to an alkaline flame ionizatton 5

detector (AFID) which is extremely sensitive to phosphorus containing c6m- 6

- oind's. In the case of DCPD samples the column eluate was directed tolla 7

ionization detector (FID), which! is a very sensitive detector for h dro.

Sarbon compounds. 9

S , uantitative determinations were made by integrating the chromatographic 1

eaks obtained and comparing peak areas from sample solutions withp k 12

d areas from standard solutoons of DbyP and DCPD. h ei 13
414

SirnultaneouslY with the phytotoxicity and bioconcentration studies on living 15
'plants the third area of interest under this contract was investigated. This 16
study used 5-ft deep soil lysimeters as vehicles for determining the moVe- 17

•nent of DIMP through various types of soil as a function of the volume df 18

,:irrigation water applied to their surfaces. The soils used in this study .kere 1 19
obtained from various agricultural locations in California. These locations 20

and the soil types obtained are as follows: I21

_ _ _ -_____ ___ 22

23 Chino -- sandy clay loam 1 23

24 Brawley -- silty clay I -4

25 l FY
26 i Ventura -- clay loam I26

27 1 27
Fullerton -- sandy loam I28 ] i 8

29 Walnut -- clay loam 1 29
30 I3

3' The lysineters were fitted at various depths with ground water sarriplin4 31

32 'tubes and were designed so that soil core samples could be taken through 32
7- :the entire depth of the soil column. , 33
34 1 I 34
35 :The DIMP was applied to the lysimeter soil by two methods. The first ion- 35

36 'sisted of placing a 2--in. deep layer of~a solution of 20 ppm DIMP in distilled t 36

water on the surface of the lysimeter at regular intervals (weekly or bLweekl ) 37

and allowing it to percolate down through the soil. Samples of this wateir 38
3c iwere taken and analyzed on a weekly basis. Samples of the soil column 1 39

:were taken arid analyzed on a monthly basis. 4 ,

r'rhe second type of application of DIM? consisted of mixing the DTMP to la
42 level of 20 ppni with the top l-ft depth, of soil and then irrigating the sozi" I 4"3, -

""-i 'ith a 2-in. deep)lalyer of distilled water on a regular basis (weekly or biweekly

i-IV

_ T
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Sampling and analysis of the soil column followed in the saimne manner as in
the first group of lysimeters.

3 ; " 1 .. 3

.;The analyses on the water samples were performed by direct injection of 4
an aliquot into a gas-liquid chromatograph fitted with an AFID detector 5
as in the case of the DIMP plants. The analysis of the soil samples conriste, 6

f extracting DIMP from the soil by agitation with methanol solvent, clarify- 7.
Sing the solvent by settling or centrifugation and injection of an aliquot intdo 1 8

9 the same chromatographic system des ribed above. I1O l-f 10

1 ;The total amount of water that drained' through the lysimeter was collectkd, I I
m easured, and analyzed for DIM.P. The ratio of water drained off to walter 12

13 apphied was designated as drainage ratio. In the fi-3t type of test, chronic 1 13
application, this drainage ratio after 426 days averaged 5 5 17o. In the s•cond- 14

1 type, single contamination followed by distilled water leaching, after 3ZZiday 15

1• the drainage ratio averag d 28%. j1 7 1 7.... ... . I . . . . .. j
QCalculating an average mass balance from the results of analyses of bot1A the 18

;C •.soil and water fractions of the first and second types of lysimeters yielded 19
Z 01 values for DI!MP recovery of 48% and 36/o respectively. These values are in - 20
.1 keeping with the recovery values for v•ater. 1.21

I, 122

23 The distribution of the DLMP recovered from the lysimeter samples depended 23

24 on its manner of application. The first group of lysimeters, chronic applicaF :-
23 tion of contaminant, resulted in an accumulation of a thin layer on the surfac 25
2' of the soil that was relatively concentrated in DIMP and a more dilute di6- Z6

27 tribution throughout the remaining soil profile. The second group, distiiled 27
2ý water leaching of a mixture of DIMP in soil, resulted in the passage of al 28

Is0 slihtlybroadened band of DIMP downward through the soil column. Fr6m 1 Z9
3 an initial condition of a C-12 in. depthlof contamination in all cases, the! 30

31 irrigation resulted in the following bands of contamination: Venturacl-' 31
32 24 - 60 in.; Chino scl - 24 - 60 in.; Fullerton sl 36 - 60 in.; Walnut cl i- 3233 42 - 60 in. ;Brawley, sc - 30 - 60 in.,'These results demonstrate, withi" i 33

34 the sensitivity of the analytical system, the ability of the irrigation wateir to i 34
35 wash a single DIMP contamination from a given soil matrix within the timne 35
3I sand volume parameters of the experiment. 1 i3 6

37 -37

A series of radioactive tracer experiments wa- performed to provide edti- 38

3? mates as to the vaporizability of DIMP and DCPD from soil mixtures. Radic - 1 39
active DIIMP and DCPD, at 20 ppm levels, were intimately mixed with 4 7in. 1 40

deep columns of dry and moist s-fl These Titan~in-ateT So1 -orumn-s -e-i " 41
subjected to air flow across their surface for extended periods at the corn-
",pletion of which the entire soil columnns wcrc recovered and a-alyzed fol 4-3

; -4
"L -radioactivity content. Both the DIMP and DCPD dry soil retained over 95% -._-"J~i V
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of the initial radioactivity after approximately 250 hr treatment. The rnist
soil samples lost somewhat more of their activity. In this case the DIMP Z

- I3 I recovery figure was 78% and the DGPD 62%. These figures indicate thati 3
* evaporation of DIMP and DCPD from dry soil is not a significant mechariism 4.of loss. The greater loss of material from the moist soil may be cause4 5

by weaker binding to wet soil or an enhanced rate of decomposition. Fuither
7 xperimentation will be needed to determine this mechanism. 7

8 189 ,9
10 10111 I 1

12 12
131 113
141 14
15 15
16 I__--- 16
1 17
18 18
19 119

*20 :20
211 I21D _ ?n2 _ _ _ _ _,__ _•__ _ _ _ _

241
2.6 i I125
261 I i6

27 1 Z7

281 23

29' 12z9
30 1 30
31 31
32 32
33 33
34 34
35 35

36 36
37 37
S 38 38
S39 39
40 40

41 41

Ii4
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31 INTRODUCTION 3
4 4
51 5

SApproximately 2 years ago AOMC, under the sponsorship of the U.S. Armny 6
7 Medical Research and Development Command, began investigations of cqrtain 7

g growing plants and their ability to absorb and concentrate certain soil con- 1 8
9 taminants. The 'two contaminants of irnterest are those shown to have behn 9

. Io0 present in environmental samples taken at Rocky Mountain Arsenal (RM4k), 10
1 1 Colorado. These compounds are diisopropylmethyl phosphonate (DIMP) I I II

2 and dicyclopentadiene (DCPD). The structural formulas for these compound 12
* are as follows: 1 13

1~14K14 1 . t1

-- 1

!- H H H i16
HC C-C - - C

(1 '(C3)2C•O H2C f 18

19 O %-- H2 19

201H /0 CH 3  HHC HH
"IC .22

S -, (CH3)2C/ O"" ', 23

DIMP .i 23

DCPD : "

27 1 27
2 Physical properties of the two contaminant compounds used in this study! 8

Were provided by USAMBRDL and are0 shown in Table 1. 1 28

30 30
31 Table 1. Physical Properties of Contaminant Chemicals I3

32 Item 'DIMP DCPD 1 32
33 - I/33

34i Density, g/cc . 97620 0.982z0 34
35 Melting point, "C I - 32 35
36 Solubility in H1O2 0llg/liter at 80°C Insoluble 336
37 -Zg/lter at Z5=C 37

3 Temper-ature °C for cited ea38
3 9 vapor pressure mm Hg 39
40 10 -77 47.6

411-2 - --Z- 415

760 1174 166.6 I 64
4 3 : .I4 3

11
S- - _I

,- , , *. ,- i . . i" ' • -T
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DIMP is present as a contaminant frorh the nerve agent production whiclh was I
formerly conducted a -is site. The DCPD is used in the production of Oes- 2

ticides by a commercial firm which uses plant facilities at RMA. USAMBR L 3
- project management provided the information that these two compounds ire 4

documented contaminants in RMA soils and ground water presumably becaus 5t I
6• of past, unsatisfactory, waste disposal practices.

7i I7

s AOMC showed that DIMP could be detected in naturally occurring plants land 1 8
9 Ioil that were known to have been contaminated as long as 6 years befor 9

o0 analysis. Some of the soil areas used: in the study had been subjected tcl I10
I1 stancard decontamination procedures at the time of the contamination (clas- I I
1IZ Lfed study). 12

13d I 113
.T he work on this contract was designe to investigate three aspects of the 14
5 prob'em: (1) Determine the bioconcentration of the compounds in the pla nts, 15

1 E 1 (2) observe phytotoxicity symptoms caused by the compounds, and (3) deter- 16
1 mine the environmental fate (accumulation, translocation, or transformation 17
1 rs of the compounds) in soils. I 18

19 1 19

21 The schedule for this program is shown in Figure 1. 20
1I al 1224 N___ ___ _ __ __ _ __-_ __ __ _ _- __ _ _,2 -

23 23

24 24

Z5 25

z6 1 26
27 27

2S 28

29 1 29

30 1 30

31 31

32 32
33 33

34 1 34
35 1 35

36 36

37 (37

3 S 38
39 I 39

40 I 40

41 1 - 41
42 I 17
43 I 43
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Sect on 2 I

3' I PLANT STUDIES -

4 I 14
3I5I I B

6 2. 1 OBJECTIVES 6
7: ; 7

8 The objectives of the plant studies were to screen a r elatively laTge series 8
q of plants in hydroponic culture to determine if plant uptake and phytotoxibity I

10 symptoms result from exposure to DIMP or DCPD at a relatively broad 1I 0
Ii series of concentrations. This was to'be accomplished by chemical analysis I I
12 of the roots and foliage of the plants and observations of signs of phytotokcicit' 11

13 that appeared. 1 1 13

14 ' 14
15 Positive results in the hydroponic plant studies dictated that more precie 5

16 data should be obtained for the establishment of dose-response curves (ihy- 16

17 totoxicity) and biocooncentration ratios for the contaminants with selectel 17
IS I plant species. 18
19i 19
.0 1 20z1 2.2 MATERIALS AND METHODS I 12

231 I IZ3
ZA 2.2. 1 Task 1: Compound Screening or Phytotoxicity (Hydroponics) I IF IX -
25 I I 25
26 1 26
27 1 2. Z. 1. 1 Test Systeir and Experimen al Design I 27
268 1 I i28

28' Z 8
29 In previous AOMC investigations a series of water culture plant growth i 9Z
30 experiments was conducted successfully in which the hydroponic baths s6rved 1 30
31 as a convenient method for inoculating the plants with contaminants. One 31
3Z advantage of this type of experiment is' that the plants can be exposed to !a 32
33 known and relatively constant concentration of contaminant compound did- 33
341 solved in the nutrient solution. For ail of these experiments the nutrienit 34

35 solution used was Hoagland's No. 2, the formula for which is given in Tkble 35
36 36
37 In these current experiments the plants were supported on a gravel base, 37
33 that was suspended in the nutrient solution in perforated polyethylene con- 38
J? tainers, which permitted the nutrient solution access to the plant roots. 39
40 Figure Z shows container arrangement in the nutrient tubs, and Figure 40"

41 - hs&6,-fh-e ýqi--ou-arrer-d-bbtstbsns-bf-th -s ~qUare cros-s •sectlon potyethylena-leon--1-- 41
42 tainers. Figure 4 shows the assembled apparatus. The support for thelcon -.2
43 tainers in which the nutrient solution was held consisted of a 10-gal rectangular 43

'> 44' 44__ _ __ _ _ _ __ _ _
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F ~Table 2. Hoagland's Nutrient Solution No. 2.

Final
Concentration Nutrient

of Stack Solution
(grn/liter) Macronutrients (mi/liter)

115 NH H- PO Ammornium Acid Phosphate I
4 2 4

.7101 KNO 3  -- Potassium Nitrate 6

236 Ca(N~O 3 2 Calcium Nitrate 4

246 M gSO - Magnesium Sulfate 2

Trace Elements
(1 Liter Stock Solution)

H 3BO 3-Boric Acid 2. 86 g'

MnC 1 2 4H 2  -- Manganese Chloride 1. 81

ZnSO 7H 0 -Zinc Sulfate 0.2214 2

CUSO 5H 20 -- Copper Sulfate 0.08

H 2MOO 4H 20 - Molybdic Acid 0.02

5 FeC 6H 50 7-XH 20 -- Iron C itrate1

Note: The iron solution was added to the nutrient solution about twice
* a week to replace the iron that tended to precLpitate ouit of

* solution.
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polyethylene tub. The bath was aerated and agitated by a small aquariur6 I I

pump that was run continuously; this forced air through a s:arger suspenided I 2
*in the nutrient bath.

3 1 1 4

Al series of 20 baths was assembled inja greenhouse, and various concen'tra- 'u,
Stionsop.f-contamiinant chemicals were added to the ap rooriate nutrient

baths. Loss of agent chemicals, generally, was corrected for by analyzAing 1 7
the baths and bringing the concentration levels back to par on a 2-week c~cle 1 3
As an extreme exanmple of material loss, the baths that contained the macure
tomato plants lost about 1 gal of nutrient solution per day. Lost volumed of
liquid of this magnitude were replacedldaily. I '21I I

1,2 1 22

13 The DIMIP and DCPD were maintained!in separate greenhouse rooms to pre- 13
Ivent cross-contamination by vapor. The greenhouses are located on thel so e -1 14

'what remote test site near Chino, California. Figure 5 shows the green-ý.I
16 house locations; the small community nearest the camera is Los Serranos, 16

7 'and the city at the base of the mountains is Pomona. A row of the actIv6 17
tubs in the DCPD room is shown in Fi ure 6.i

i9 1 1 19

S2 1 2.2. 1.2 Plants 1 21

""_ _ _ _ _ -4- --
Z3 'IThe first experiments were designed to discover the range of contaminant I 23

S'concentrations that would produce a phytotoxic effect in the plants. As 4uch, II4
-an order of magnitude series of concentrations was chosen to bridge thel 25

2:; 'effect/no effect level. These concentrations were 0, 1, 10, 100, and 1~bO i Z6
2- parts per million (ppm) DIMP or DCP in nutrient solution. 27

28 28
29 'After germination tests showed that the plants would all be viable in the 1 29

30 hydroponic system, samples of the following ten species were planted: 30
31 31
3Z a. Corn -- improved golden bantam 32
33 b. Beans -- stringless green pod, bush 33

34 1 c- Radish -- early scarlet globe 34

351 d. Wheat-- Inia i 35
36 e. Tomato -- red cherry 36

37 i f. Carrot -- Danvers half long 37
38g. Sugar beet -- Beta vulgaris 38

39 I h. Meadow fescue -- Festuca elatoir 39

40I i. Rose 40141
--.- j. Juniper -- Tamarix42 I I ,

43 I 14""

S.. . . . . • " I ....-..- "I-" •
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, 2.2. 1. 3 Sampling I -,III

During the first 2 to 3 week period fol owing inoculation of the hydroponic, 3
4 baths the plar.ts in the 1000 ppmn (part-per--million) DIMP baths, with the 1 4.

exception of the juniper, were in poor condition; these entire plants were 5
harvested; separated into leaf, root, and stem; and subjected to analysis. I6

7 Those plants in the lesser concentrations of DIMP were large enough that 7
srmrall portions (< Igm) of leaf tissue were taken, blended and subjected tb 8

9 analysis at various durations of exposure. At the conclusion of the experi- 9
10 Inent for each plant type the entire plant was harvested, dissected into ils 1 10

arts, and analyzed for the contamina t compound. I I
12|1 j 1 2

13 !he tissues to be analyzed were cut by scissors from the main portion of 113
' ýthe plant, rinsed with distilled water to remove surface contamination, cut 14
into small pieces (typical 0. 1 gin) and'homogenized with solvent in a tissue 15
grinder (Pyrex No. 7725) fitted to a 1 4 in. electric drill motor. The hQmo- 16

7 'genized solvent/tissue mix was then brought to volume, transferred to al 17
c centrifuge tu.tbe, and centrifuged if necessary before injection into the chrom- 18

9 'tograph. 1 I
20 iZ0
21 ]Lhe hydroponic nutrient solution containing DIMP was sampled by pipetting 21

" ?2 1 onLthe rutri-e;t h__h_ was.k-eptLhhUomgenized byjtjhe constant bubbintg ; 22 -

23 Of the air spargers. This sample was; then diluted if necessary with disJ. 23
2 tilled water and injected directly into the chromatograph. 24
25 5I Z5
26 I ,26

27 2.2.1 4 Observations and Measureents 127

29 The plants grown in the hydroponic screening experiments were observed foi, I 29
1' changes in morphology as evidenced in' particular by discoloration of foliage 1 30
3 !and stunting or enhancement of growth compared to control plants, the latter1 31

32 effect being evalaated both by visual observation of all the plants and deter- 32
Xnination of total mass of selected mature plants. The visual observations 1 33

34 'of plant condition were supplemented 8y intermittent color photography of the 34
3 p plants. I35
36 g36
37 I37

3ý 2. 2.1.5 Data Analysis I 38
39 I

4 Data from the hydroponic phytotoxicity study takes two forms. The first is
"a visual cornoarison of treated and untrea•e -plants as tote''r g t pattpe 41

-• and tissue condition as a function of contaminant concentration. These obse- 2
!vations by definition are somewhat subjective and treated as such. The i 43

j...econdis to select plants from they ponic baths and harvest_.__dissect J 4

1 1
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and weigh thern. These weights were tabulated and plotted as functions bf -7
contaminant concentration. Empirical relationships were noted. 2IS I I
3 33 I

3 2.Z.2 Task II: Definite Compound Testing for Phytotoxicity (Soil)

I 1I ~ 1 ZZ Test Systenm and Experimental Design 8

The purpose of these experiments was, to determine if various plant speces, 10
ti .. when grown from seeds in soil culture, would take up known contaminanes 11

I o I
12I and show symptoms of phytotoxicity. select group of plant species fr1

3 1 among those run in the hydroponic system were used. Figure 7 shows the 1 3
I greenhouse in which these experiments were performed. It consists of 14
three isolated rooms, each with its own air conditioning system of evapoa- 15
tive coolers (Figure 8) and space heaters (Figure 9) with associated indkvid- 16
ual thermostatic controls. This greenhouse is located adjacent to the green- 17

~Jhouse u.3ed in the hydroponic experiments (Section Z. 2.1. 1). 11

119
!,he experimental method used consisted of growirg the plants from seeds in 20
3 -gal high density, black polyethylene lower pots, irrigating the mn with ton- 21

. __tarnint�eater. chemically measuring theg utake of contaminants in thh -2
231 various portions of the plant, and making visual and photographic observa- Z3
A tions of the plant parts as they rnatured. I 94

S2 5 12 5
zi.The soil used for these growth tests was Fullerton sandy loam, characte4 rhs- 26
27 tics of which are as follows: Ai 17

8 128
I 29

30 Organic Moisture Exchange (pH 7) 1 30
3 Matter Sand Silt Clay Capacity Capacity 313 Z2 pH M% (70) (0/) NP0) (70) (me/100 gmn) I 3Z

3 6.9 2.2 60 22 18 44.5 16.6 I 34

!5The irrigating solutions consisted of d'istilled water with I ppm, 8 prpmII3

3vand 20 ppm of the contaminant respectively. Several seeds were plante in 3

each pot for reliability of germination and to provide excess samples forSphotographic study. One roonm in the greenhouse was used for DI.MP eX"3O- 39
.sures, one for DCPD exposures, and one for controls. The general layotz

A,' -,•of the-exper ine nt-us ing-fLou-r-r.eplicates_ of fiv~e-planits-anrd-three ..concenrt-raton 40
"'-' --.- 41

-. b I' L VwT1 ia .i. •u e l0.

-- .,•) ] 44
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I nitially four seeds or groups of seedsl were planted in eachn pot to provid• . 1
redundancy for germination as well as'inmnature subjects -or p hotographic I

3s tudy. 3
4 I 4

There are three categories of plants in these experiments. The terminology 15

used here refers to negative controls, positive controls, and active plants. 6
7 Negative controls are the plants grown in "isolation" in the central room1 of p 7
S the greenhouse where no contaminant is ever introduced. Positive contrbls I 8
9 are plants grown adjacent to and in thed same room as the plants receivin 9

I a ap
10 contaminated irrigation water but are irrigated with only distilled water., ] 0

11 kActive plants have irrigation water cohtaminated with the appropriate chem- IIS •ical (DLNIP or DCPD). 12
"13 1 13

""s Simteouly with the 1, 8, and 20 ppm soil media study a series of ra nge
S •5finding tests was run in an adjoining greenhouse encornpassing concentra'tion: 15

f 0, 50, 100, 300, 500, 700. and 1000 ppm DIMP and DCPD. One added 16
objective of these tests was to have a backup study underway in the evenr 17

' '; that the 1, 8, and 20 ppm contaminant 'concentrations were less effectivel 18
20 in the soi than in the hydroponic medii. 19

2. 1 sLng the same experimental apparatus and procedures another series of tes s 21
_vas undertaken in which seeds were planted in soil which hd previou bee 22

23 ,moistened with the same concentrations of contaminant as above and were 23.irrigated with those contaminants duri'g and after the germination perio. .24
525

261 a6
27 2. 2. Z. 2 Plant Species 2723 28

g29 he plants used in this study included 29
30 1 30
31 a. Wheat -- Inia f 1 31
32 b. Sugar beet -- beta vulgaris 32

33 c. Alfalfa -- medicago sativa 33
34 d. Bean -- stringless green pod, bush 34
35 e. Carrot -- Danvers half long. 35

361 36
37 The criteria for selecting these plants included (1) economic interest in the 37

Rocky Mountain area in wheat and sugar beets, (2) alfalfa being a nearly' 38
versal forage crop, (3) the importance of the bean as an economic crop 39

-that can be readily grown to maturity to measure product yicld, and (4) ýhe 40
-carrot showing -r-Y-APf•g- g -p-t-alrei 6f-DIIiP E1om 9oi-pi'e-lirnfna--rf t~s-s; - - 41

I 42

443
-" 44' 7__ 17 4
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1 2.-2-.3 Sampling ti- n

S: Sampling of the growing plants in this series was accomplished-by remoVing 33 1 .. .

4 entire plants from the soil, rinsing with distilled water to remove any I
adhering particles or contaminant, followed by dissection into their varius• parts. These parts were then subjected to appropriate analysis (cher'nical,

7 gravimetric, or photographic). Tissue samples were taken at various tihAest-j 6
7ito assure fresh samples for analysis. I *'17

I 1.9 I, I
S9
0 he soil in a selected group of the pots was sampled by means of the corling 9

0 °° shown in Figure 11. In practice this tool is inserted at right anglesto II
he soil surface and rotated while downward pressure is applied to the handle I12 12

13 ,After it has penetrated the soil to a deoth of 6 in., the tool is lifted out o' 13

14 ithe soil and the entrapped core deposited in a clean glass sample jar that: is 14
!-3 immediately capped. The tool is thenreturned to the same sampling hole is

and the next 6-in. increment of depth sampled in like manner. The procless 6
1 is repeated for the number of required depth increments. I7

181 I 18

19 I19
20 / .2.Z.4 Observations and Measurements I19

21 21
-'hemical evaluation analyses were run on the plant leaves during the growin ,

S22

23 period. On tnerm-inatifno-f-he growir-p-oF-- the plants wereh-Ia-r'-•'d- s "e- " -I -
24 :those showing phytotoxicity symptoms" were photographed in color to demon- 74

strate differences between control pla ts and treated plants as to size, oot I5
!development, coloration. The total quantity of plant material produced was

27 measured by weighing freshly harvested plants. 27
Z8 Z8
29 1 Z9
30 2. 2.2.5 Data Analyses 30
31 I 31

'The data ouput from this group of soil culture experiments consists of visual 132
33 evidence of phytotoxicity similar to that described in Section 2.2. 1.5. In33
3- ' addition the weights of the various plant parts were determined. These 34
35 weights and plant histories were subje:cted to statistical scrutiny preparai- I 35

36 tory to applying a regression analysis'to the weight data. The regressidn
', analysis was ultimately considered to be not warranted due to the lack ol 37

3 growth effect shown with the concentrations selected. 3
I 1•. 39

4040
---------------. I t-'•4

42 I 1 42
4343

L. _18_I 4
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2,2,3 Bioconcentration Studies

7_2.. 1TasktI

Task I under this phase of the study was designed to determine the existence 5
of the bioconcentration phenomenon in a group of hydroponically grown pl]ants! 16
This is defined in this case as an increase in concentration of a subject chem 1 77 1cal in growing plant tissues over the concentration present in the hydroponic i 3
nutrient medium. It has been suggested in a previous classified study that 9
phosphorous containing compounds, similar in basic structure to DIMP, have
been found concentrated in the leaves of various cornercially important1
plants. A portion of this work was done using radioactive P tracer tedh- I

121 iques and the remainder done using extraction and chromatographic proF

13 .odc3
13 cedures similar to those used in this s udy. '4I I

15 The plants from the hydroponic growth phytotoxic ity tests were. also harv'ested 6
and analyzed for contaminant concentration. This was dictated by the reia- r

tively small number of plants grown at each concentration level and the rIela- 8

t ively long period required for the plants to reach maturity. This dual utili- 8

zation of plants fitted the broad survey'.scope of these experiments. j IoZ ;1

23 23
1' S •

24- 1 The object of this task was to grow enough select plants in a soil medium1  I!4

25 (described in Section 2. 2. 2. 1) to permit the production of quantitative dala I 05

26 1 relating to bioconcentration ratios of DIMP and DCPD. The concentrations I

27 of 1, 8, and 20 ppm were based chieflyý upon visual observation of phytotoxici y

28 symptoms in the hydroponic greenhouse experiments. It was felt that this 128

29 range would give a definite no-effect le'vel and a definite effect level in th'e Z9

3C " test subjects. The output from this task is a demonstration that compound I
31 uptake does occur. I 131

33 1 33
331 - 2..4 Chemical Analysis 1 34

351 1 35

36 12. 2.4. 1 General .I36

37 37

3 Because many samples were generated in these types of experiments, it I1

3? became expedient to devise analyses that permit relatively rapid separatlon I '9

and determination of the compounds of interest. Once the compound is dts- ,

' s ol'ed-in an appropriate solve nt, gas -liquid chromatography is a onvenient

way to both separate and quantitate; thus, this was the method used in thesRe :Z

,valuations. I I:3
i''' -

; - - - - - - -- -
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t- Gas-liquid chromatography(GLC), is a technique that involves the physic~al I
separation of two or more compounds based on their differential:distribdtion I t

'between two phases, one a stationary liquid, the other a moving gas. Te 3
n1ovLngY gas strips the compound of interest (DIMP or DCPD) from the liuid 1 4

5 phase separated in time from the solvent and other interfering molecular
.; 1species and presents it to the chosen detector for quantitation. 6

7 7
6 A Varian Model 1840 chromatograph (Figure 12) fitted with a flame ioniiatiolL 8
9 detector and an alkaline flame phosph'rous detector was used in these e~peri -

,0 'nents. The alkaline flame detector is used with DIMP samples becauselof I10
1 1 its selectivity and sensitivity for phosphorus; the flame ionization detectbr 11
12 is used for DCPD samples because of their hydrocarbon nature. I 1
13 I 113
14 iFigure 13 is a typical output curve for, DIMP. In this case the DIMP colcen- 14
1 5 'tration is 100 ppb in methanol. The shaded area of the curve is the DIMP 15

Sresponse from 170 picograms at the dctector. t16
17 f I 17
i! 'Generally the sensitivity for phosphorous containing compounds is up to several 18

19 :orders of magnitude greater for the alkaline flame detector than those o a l19
Z0 'nonphosphorous compound using a flarmt ionization detector. This difference 20
21 can be illustrated by comparing Figures 13 and 14. 121
22
23)Determination of the amount of contaminant chemical present in a given I .23
2- ;solution was made by comparing the area of the compound's chromatographic 24
25 'peak with the peak areas of a series of chromatograms of a standard lotiof 25
2U.! 'the same compound. The standard solutions were run so as to bracket 2767. ýb°th in concentration and in time the test solutions. Several sets of stan2d- 7

ZS .rd solutions were run every day thattest solutions were run. I Z8
29~ 1 1 129
30 Figure 14 is a chromatogram for DCPbD at 100 ppm in chloroform or 60 30
31 nanograms of DCPD at the detector. Figure 15 shows how this peak canibe 31..32 improved by concentration of the DC;PD solution. Although it makes a r a- 1-32
33 sonable curve the evaporative concentration in this case results in an abo0- i 33
34 'lute measurement of approximately onie half of the DGPD found in the firpt, 35
34 •-nore dilute, case. This loss is assumed to be mostly due to the vaporizatio 336 lf the relatively volatile DCPD. These data point to the necessity of usihg 3637 A solvent for the DCPD analysis which is more easily separated from tl~e 38

39 i.DCPD than the common alcohols and halogenated hydrocarbons. 39
39 439
40 The size of the sample introduced into the chromatograph 'n most cases !con-

sisted of between 0.5 and 1. 0 ýl of liquid solution. Reproducing sample'41
- ,olumes smaller than 0. 5 g1 routinely hecarne a problem and sarriple volfAnes i 42g reater than likl frequently disturb the detector flame characteristics ang 1 43could lead to nonoptimurn sampl-._rj_• .ti A nas_.va.ys i_oLt4_eh.ydzropaonbath -J4

-cul t t4

21l__
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water for DCPD was run in essentially1 the same manner except that the 1I
flame ionri-ation detector was substituted for the alkaline flame-ionizatio 2

3detector. An additional step w/as added to the DCPD procediure when exp~er- 3

- aentation showed that it would be chromatographically desirable to hav4 1 4
the DCPD in carbon disulfide so a step is added in the analytical procedu~re 5
in which the alcohol extract is partitioned between methanol.-water and

a r disulfide, resulting in a typical sample shown in Figure 16 from 1 1
8 hich the lower carbon disulfide layer: is chromatographed. "

9 I9

11 2.2.4.2 WVater 11I
12 12I

13 hemical analysis of the hydroponic baths for determining the quantity of I 13
.- present consisted of agitation of the bath with a stream of air as 14

!described in Section 2.2. 1.3 foilowed by sampling an aliquot of the baLh }vith 15
Ssampling pipette. This in turn was followed by injection of an aliquot I 16
17 <l.0}MýL) of the sample directly into the gas-liquid chromatograph fitted O'ith 17
he alkaline flame ionization detector. The quantity of DIMP indicated by the 18
j hrom iuzram was calculated through the aliquot factors back to the amount 119

ZC resp-nt ;the original sample. 2O,;1

23 2.2. 4.3 Soil Z3
24 1 . . .. .. .4,

25 -During the course of the growing period the soil from a, select group of pots -"i

'was sampled in 6 in. increments with a coring tool (Section 3. 2. 1.4). T1~ese 1 26
' :soil samples were weighed, placed into closed, clean glass jars with mea- 27

22 Isured volumes of methyl alcohol, agitated on a shaking machine for 15 Mnin Z8
29 land let stand. When the supernatant liquid over the soil in the jar appea'red I 29
30 !clear, an aliquot was removed with a inicrosyringe and injected directl,r 30

3 into the chromatograph having the proper instrument parameter settings,. 31
32 Ilntegration of the ensuing chromatograms yielded quantitative data on the 32
33 f amount of chemical in the soil. 333-1 1 34

S 3 i 35
36 2 2.4.4 Plant Tissue 36
37 ; 137

The major emphasis in the chemical analysis -ystem was placed on the rnea 38
9 surement of contaminant chemical content of the various plant tissues. iThe e 39
tissues were divided into leaves, stems, roots (fibrous or fleshy), and fruit. 40

'Some relatively minor variations in the analytical procedure were. dictated 1 - 't
2 by the physical statc of the san-mple buC babically the same procedure was-'43
Ifollowed in each case. This consisted of (1) selection of the tissue to b ! 43

L ia n.homogeni zt tissue F f h p

27

I A
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(etha, i), (3) clartlication ol tile homogenate (settlIing, centriluging), q

( 4 ) dilution with appropriate solvent if -necessary, and (5) injection into tie

chromatograph.

I I 144
" 1 I 5
S.3 RESULTS

66
7' 3. 1 Phytotoxicity Studies I K7

9I 18
I

o .3. 1. 1 Visual Symptoms of Phytoto-kicity 1 1 0

-- .I III

2 1 ydropon.cs. Data from the original hydroponic series, in the case of 5 , 1z

"indicate that there is a variable effect-for most plants. Low concentratipns 13
. showed enhanced growth of some plants and high concentrations resultediin 14
-, 'varying degrees of tissue damage. This damage varied from leaf burn to 15

I1 severe necrosis (Figure 17). The phytotoxic effects of the contaminantslwer 16
7 observed throughout the growing perio'd. I 17

13 1 1' ?-8

I '.After 25 days exposure to 1000 ppm DIMP in their nutrient baths all of the 29
C _plantscxcp;_tha jt.;np disdF__!gt_ 16 shows the comj, arative effect o•L_.._z21

* 2." '2 weeks exposure of tomatoes to 1000 ppm DIMP in the nutrient bath. Visual I Z
-. A'--. 'examination of the remaining plants after 44 days exposure to DIMP yielded 24

23 !the observations listed in Table 3. These were subjective observations Of
:the growing plants. . . ... 26

2. After 39'days of exposure to DCPD the' following observations were madj: 1.26

2,7 In the 1000 ppm DCPD nutrient all remaining plants except the juniper wire 27
'somewhat stunted. In addition, the corn and rose had browning of the lWaves 128

27 In the 100 ppm DCPD nutrient the corn and roses also demonstrated chlorosit 29
3') of the leaves. All plants except the ju~niper were larger than the controi; 130

'the juniper was similar to the control' In the I ppm DCPD nutrient all ýlant 3't
32 were similar to the control.1 I 3.2
33 I3

Generally speaking the trend to larger plants in the lower DIMP contamilnattin 3n 4

levels and smaller plants in the higher levels was observed for allplants 36;

3 Xxc. pt the "woody" plant that we used' namely the juniper. During the 1xpei-1 37,
3 nents very little effect was seen on the juniper plant. Figure 19 i-hows the 3

e- effcct at.2 weeks, 2 months, and 3 months of 1CO0 ppm DIMP in the junlzer 139
:nutrient bath. These plants just began to have leaf-tip browning at 2 monLhs

J A
" At thc conclusion of the experiment, 5 months, the juniper was not essehtial y 1.
"different from the condition shown in the bottom photo of Figurc 19. Th,

g s qat all leve lisapp eared healthd throuhout the exLiJ 4,3

L -icnt. 
4 _______

29
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'I " lTable 3. Plant App arance After 44 Days. 1

2 1 Exposur to DIMP. -_ _ _ _ _I
t I3

Concen- I4

5 tration , 5
• Plant (ppm) State I 6

-.-
Tomato 100 Advanc d necrosis 8

I Corn 100 Larger than control, healthy : 9
101 1 10

I I Bean 100 Stuntediwith some necrosis

12 1i Fescue 100 Stunted 12

1 1 Sugar beet 100 Stunted 13
141
15 Carrot 100 Health is15

16 I 16
Rose 100 Extreme necrosis

!7! I ~ 17
Wheat 100 Larger than control, limited leaf burn I s1

I19
Juniper 100 Healthy I0

Z Tomato 10 Larger than control, healthy IZI
-' _97 ' w ______ _____ 12 _

I Corn 0TT 'argerFirthan control, healtthy 23
I I

Bean 10 Healthy, individual plants larger than control '-

25 Fescue 10 Healthy, :25
IZ 6

27! Sugar beet 10 Larger than control, some leaf burn -

2 Carrot 10 Larger than control

Rose 10 Leaf c orosis -

32 Wheat 10 Larger than control
33 He Y I t

Juniper 10 Health

All plants 1 Slightl larger than control, healthy -

except juniper

Juniper 1 He althyi "

,AI I

43; I
I-
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[1

.'. Figures 20 and 21 are examples of the' effect of different contaminants. The -

fo-rnmer is a 1000 ppmn DIMP exposure for 2 weeks of a corn seedling. The I 2

2 latter is a corn plant started on the same day as the previous one and exposed I-

to 1000 pprn DCPD for 2 months. The first (DIMP) plant died shortly after
this photograph was taken; the second (DCPD) plant survived the experiment

-. but never achieved much more growth than shown here. It did, howeverý 6
" produce one malformed ear of corn. No relationship was determined between 7

the maIformed ear and the presence el DCPD. 89 ' 19i general the phytotoxicity of these c18pounds was demonstrated in two, ways: 10

SIl the case of DIMP the outstanding sy~mptom was the leaf necrosis or burned II

'12 appearance of the leaf as in the case of the corn in Figure 20. The IDCP1 12

13 'on the other hand rarely showed this effect, but instead evidenced a stunting 13
of growth at a given contaminant level, The DGPD plants appeared to have 14

the ability to adapt to the presence of the chemical and ultim-ately produled 15
S'what appeared to be reasonably hoalthV looking plants even in a conditioiq of 16

chronic exposure, except in extreme cases. The plants in the DIMP exposu e 17
i 1 did not seem to have this recuperative ability. I18 19

"Soils. The second phase of the plant investigations was concerned with u1sing 20
2] the successful techniques of analysis from the hydroponic study and applying I 21
- •] them to the case of plants grow0n- in soil culture. In these tests we gre'w ' -

23 greater numbers of fewer species of plants. Specifically-these are alfalfa, 23
2.!. sugar beet, bean, carrot, and wheat.

2i n25
2 L I In a series containing 150 plants of each species actively exposed to each of
(,7 DIMP or DCPD, in irrigation water id sandy loam, the plants showed na 27

significant visible symptoms of phytotoxicity that can be ascribed to the, 28
1 : 1, 8, or 20 ppm of contaminant. .1 29

4{30 • 1 30

'3! An example of these plants is shown in Figure 22. These sugar beets were 31
Z grown from seed; the active plant on tIle right was irrigated with distilled 32

3?: water containing 20 ppm DIMP startinig 12 days after planting and 6 day1 33
3 after the shoots appeared. The plants on the left of the picture are negative 1 34
3 controls, the center is positive control, and on the right the active or treated 35
3 'plant. The equivalent DCPD plants are shown in Figure 23. 36
37 

1 37

A third condition was also investigated: planting the seeds in soil that had 38
3 been contaminated before seeding. A',number of seeds of the same five plan s 39

40 were sown in contaminated soil and irrigated with distilled water contaiLning 40

S-,50, , 100, 300, 500, 700, and-l-00-0-p'r DIMP-or DCPD10 -Th-e-ar c0n-- 41
dition of these pl-nt. itidicated that even the highest concentration did not pr0-

" hibit germination but as the plants aged, around 1 week to 20 days, the ýffecItsi "3

._Q4hhc Iggent were seen. In the case of DIMP there was leaf curl and brownieg4-

,34'i-

El
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Figure 20. Effects of DIMP on Corn Seedling After 2 Weeks.
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Figure 21. Effects of DCPD on Corn Seedling After 2 Months.
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I -Figaure 22. Effects of. DIMIP on Sugar Beets.

Z3' 23 j
24 '4

?-6 1. I I t .U

27
281

303

31i 3.-.
32 I-

33 I 33,

34 3
36 36
371 3

40

43! 4

Figure_23. Effects of DCPD on Sugar Beets. 44.
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ifrom approximately the 100 ppm group and up. The photographs in Figuf-e g4
show the relatively healthy plants in the 50 ppm DIMP exposure, those with K

inimnal symptoms in the 100 ppm cask and the definitely damaged planis 3
"300 ppm after 33 days exposure. The center pot in each ca'se is the c6ntrr 114
and the side pots are replicate active ones. The effective concentration ileve

* ppears to be lower as the age of the pýlant increases. The 700 and 1000'ppm
plants were stunted and showed leaf curl at 2 to 3 weeks. Those below tat

Sconcentration appeared to be very similar to the controls. At 33 days tU
Would be difficult to ascribe any phytoloxicity to the DCPD at any level. To

10 ýhat time 5.5 liters of irrigation solution had been added to each pot. There 1 .0
is no browning evidenced in the DCPD'plants. In the first week after brdak- I
ing the surface most of the DCPD planLs appeared healthy. Pigure 25 shiws

portion of the greenhouse where these experiments were conducted sho.tly I 13
- •efore harvesting. The concentrations were arranged so that the highest [1 4

F evel was at the north end in alternate rows and at the south end in the inter- i5
Yening rows. 6

SI 'q7!77
-At harvest time essentially the same conditions of health existed in the pdant, II

"as at 33 days, except that all of the plaints were begonheng to show •inite~at 19,. in fcneiain fbgnin oso minirrta1 I 1 9
signs of leaf burning at the low conceniration of 50 ppm DIMP. I 20

- I -- _.--___ _ _--_ _ _ - ! - '2 --

Z: 2.3.1.2 Meu±surements of Phytotoxic ty I23
Yhe determination of total mass of th growing plant is another means of

evaluating phytotoxicity, the general assumption being that the toxic con- I 6

. dition results in a smaller mass. A series of determinations on the radish I'7
plants harvested at the same age demonstrates this concept. The resuRt,
'are given in Table 4 and Figures 26 arld 27. 1 19
I0 T ee I I1 C30:0

"The greater the amount of DCPD added to the radish nutrient bath, the lAss ' I

ibiomass is recovered. This is not true in the case of DIMP where 1 an 10 1prP2
result in larger plants while greater concentrations result in much smal er I 33

plants. The same type of information for mature tomato plants is givenlirt I 34
3: 'Table 5. The DIMP and DGPD experiments were conducted in differentl -'5

tices n con 36
, roos, which may account for differences ! n control weight. I3

37 111137

:The plants shown ore ,iods-Ty-i n F[gue "2 f o-m- FroT t H e-s3iTc-ulI u e tests IhTo, ý" -a 3 SI 3
-difference in total mass with DIMP co tamination. 039

40 , I I40

~41
__ _ _- _ __ _ _ __I__ _ __ _ _ __ _I J2! 1 43

1 '3 . 3

t 11
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F igure Z4. Effects of DIMP-Contaminated Soil on Plants.
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Table 4. Yield of Radish Plants from I

Various Nutrient Levels of Contamination. -

lI-

I Total
WeigPo[ lant Par

Plant
Type and Level e to l a (gin) Weight

of Contamination Fibrou Leaves ( 6 m)
Root Root Leaves ()

DIMP Control (ppm) 5. z 43.1 16.7 65.0 1

.1.0 0.8 51.2 14.4 66.4 12
I I 1310.0 3. 2 82.2 32.8 118.2

'L•100.0 1. 7 24. 3 9.9 35.9 1 '

] ":1000. 0 0. 05 0. 13 0.2-9 0.5 " •"

DCPD Control (ppm) 2.0 74. 6 30.8 107.4

• .1.0 2. 3 58.8 20.5 81.6 z c

9 10.0 0.2 61,4 ZI. 2 8

I '--100.0 0.6 30.7 11.0 4Z. 3

2 .- 0---ir+ "-, -7,i- --... -. -3'A -

2. I Table 5. Yield of Tomato Plants From
Various Nutrient Levels of Contamination--]50 Days. I

•' :Countamination
- i tI~arrnnd~kLJL& TotiI. Plant Weight (gin) -

Level - 3r(ppm) With PIMP With DCPD

Control 6254 8122

I 1.0 35 0 2757
3 10.0 92Z2 8Z46 1

1 100.0 460 7606

1000.0 2 1045 . . .-

___ __ __ _____ __ _

_____ ~ 54
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The weights of the three plants from lift to right are 39.5, 66.7, and .488 6 gg I

respectively. The active plant container at the time this photograph was' tak n n

had received 15 liters of 20 ppm irrigation water containing a total of 30ý mg 3
* of DL\WP spread out over 64 days. Superficially one might assume that the 4

trend seen in the hydroponic data is being followed, that is, a small amo~unt 5
of DL.\IP enhancing the growth. The mass of subparts of these three pla4ts 6
is: leaves -- 14, 15, and 17 gm from left to right; stems -- 5.9, 20.0, 7

'Lad 12. 0 gin; and root -- 19. 0, 19. 8, atnd 31. 2gm respectively. Here A'gain 1 8
'the economic portion of the plant is ab ut 35% larger in the contaminate 9

to 0case. bIn0 j

z A somewhat different ratio of masses P s seen in the DCPD plants shown fn I2

Figure 23. The plant on the left is the, same negative control as in Figure Z' 13

i the positive control weights 48. 3 gm total, and the two active plants on t6e 14
right weigh 28. 5 and 29. 3 gm respectively. The comparison of root sizes I $

is possibly more bignificant since negative control is 19.0 gin, positive pon- 16

trol is 20. 4 gm, and the active plants. :9. 1 and 9. 6 gm respectively. ThA 1 7
trend to stunting indicated in this single sampling of beets does not contihue 16

•, ]•, in the mature plants. A limited amount of statistical mani.pulation has býeen 1 9
done on the ultimate mature yield datal from these experiments. These ýata Z''
'are summarized in Table 6 and Figures 28 and 29. Data from individualpla~t,2i

_ 2. .-parts ar.e2gen .in2ppcd .,2Xa~I!.e ..-'

231 htZ3
Table 6 presents the yield of harvestatle portion of various plants as a 4inct 2

2! of the concentration of contaminants. IThe average of the yield of the three 25
.-. positive control plants was used as the zero concentiration yield. Also iA 26

Table 6 is the average yield at each c.:ncentration as a percentage of the .Z7
T'maxiitum average. y o .Z 3

I '29
3 'With five plant types and two contaminants there are ten situations to evkluate. 30
3. In four of these situations the mnaxirum average yield occurred with zero con- 31

taminant. In the other six casei the r;axihnum yield was obtained at sor-e 3 3.

3 higher concentrations. Figures 28 and 29 illustrate the situation. -133
34~ j 34I After harvesting, the plants from the soil range finding experiment wer9 fra- -5

"tioned into their mnajor parts and weighed. t 3 36
I 37

Data on the biomr.ss of the sugar beet, alfalfa, carrot, and bean are giv~n n 1  38
.":9 Table 7. Plotting the mass data for the normally edible portion of the p ants 39
o t ,'ve the gra phs shown in Figures 30 hrough 33.

:.. .. . ...-... . . . . . . . ..- _ _ ! . = . . . .... . 143J_
"l.A ___________ __________ ____ I 41
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Table 6. Yield of Harvestable Portion of Plants. 3

Ave rage I3

Plant Weight % of Max 41'
. Type Contaminant ppm (gn,) Average

"" Carrot DIMP 0 119.21 100.00 7
1 57.9 48.57

3 I 8 58.6 49.16S20 83.4 69.96

il10219

0L 454 100.0 14
DCPD 0 246.73 100.00

121 101.0 40.94 1
12i8 102.9 41.71 I

!3 20 137.8 55.85 13

Beet DIM P 0 45.45 100.00BeDM1 39.8 87.57

8 39.6 87.13 i16
1 30.5 67.11 17

DCPD o 74.3 100.00 18
19 1 44.7 60.16 119""0 8 44.5 59.89 -0

20 50.7 68.24 .20.

-. Alfalfa DIMP 0 3.90 54.93 '22
, I 1 4.19 59.01 1 23

2 "20 2.32 32.58 5

I DCPD 0 3.70 96.61 _6
.7. I1 3.16 82.51 . 27

I 8 3.83 100.00
20 2.97 77.55 .28

19 29
Wheat DIMP 0 2.22 77.08 O0

30 1 2.73 94.79
"8 2.88 100.00 31"20 1.53 53.13 32

" DCPD 0 1.76 64.00 33
1 1.15 41.82 34

35 8 2.75 100.00 35
20 1.39 50.55 36

"" Bean DIMP 0 12.09 100.00 37
1 12.06 99.75 38

3) 8 9.62 79.57 39
20 6.85 56.66 40

DCPD 0 10.34 78.39 1 41
1 8.24 62.47
4 10.?8 77.94 4(43

•-20 13.19 100.00 4 .

4 '
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As a check on the efficiency of irrigation in the soil pots, soil samples from

four different locations in each of the sugar beet pots at surface 1/8 in I
1/8 to 6 in., and 6 to 12 in. were taken and analyzed for DIMAP content. iThe -

"d ata from these analyses are shown in Table 8. I -

II 13.

2. 3.2 Bioconcentration Studies 1 10

8 Io Bloconcentrat onr rh takeup by a.growing plant of oa m c nt ont fro El
'0 environment and increasing Its concentration in the tissues of the plant, 4,as I 10

been demonstrated in the case of DIMP, which is relatively water soAubl, I ,

13trnua l tyo hspeoeo Is 11
used here to indicate the relative intensity of this phenomenon Ii.

I. bioconcentration factor defined as the ratio between the concentration of•

, l contaminant in harve'.ted plant tissues to the concentration in the nutrient
i [,' 'solution or irrigation water. This is dernonstrated in Table 9, which lis ts

i. the bioconcentration factors for fresh-cut tomato leaves at various stage's
in their growing cycles. These data are plotted in Figure 34.

Table 3. SoilAnalysis for DIMP From Suoar Be,

Test Pots (After 210.-Day Irrigation). i23
24 I .- - - . I .

A Concentration of DIMP From Sugar Beet I
Sample Depth (ppm) , ,-

(in.) From I ppmr From 8 ppm From 20 ppm : C
Surface. - 1/8 a 2.9 19.Z

Surface - 1/8 a 3.3 18.6
Surface ,- 1/8 a 1.4 15.9

Surface - 1/8 a 2.2 11.0 I

33 1/8 -6 a 1.8 4.9 I
1/8- 6 a 2.4 4.8 1

-. : 1/8 -6 a 1.6 , 6.1 I

S1/8 - 6 a 1.9 5.1 I 1

-6/ 6- 12 a 3.0 6.1 1 1 -
6 - 12 a a 6.Z

6 - 12 . a 7.1

6 -12 a a 8.0

... -___________ _________________________ I K
S5'5 ...

'1- -

II
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Table 9. Hydroponic Tomato Leaf Bioconcentration - -

Factors (DIMP)--Fresh-Cut. Basis. 2

Time Plant BIioconcentration Factors

ir omS _• fromN~trient Bath (pprm)

' I Inoculation --. t h (p
7 (Days) 1 100 1000, 7

913 10.4 5. 5 5.01

10 i5' 151I'

41 10. 1 3.9 4.8 t
1211

13 54 2,5 1 13

1; ~~~61 il .x
*1:3 1

VI 88 0.3 0.7 8.3 3
17! I
13 149 0 3.9 3.6 "

-.1 ..

~1.
-A trend appears in all the plants that showed bioconcentration; that is, the
accumnulation is ;'apid at first and then falls off as the plant matures. C6n-
tin'.ing the experiment to a point where the plants begin to wither frequently

* *. gives increasing values, again probably because of the withering plants drying
out. The peak of accumulation for most plants occurs in the first month'or I
so of life; however, wheat leaves and corn leaves showed maxima at about2 r,,I Z -I '

•O 3 x•norths, as shown in Figure 35. : I [ 3

j., -In previous classified work with radioactive-tracers, the tips of corn leavesi

-showed concentration of certain organic phosphorous compounds to a much I

greater extent than did other plant parts. The data in Figure 35 are ccnsistc t
with this observation.

36 II I 3 -136, 3.,
'Figure 36 show's the same sort of information for car'rot and meadow fedcue
leaves. Data for leaves are emphasized here because, generally the leaves
showed the greatest concentration of chemical agents while the other plant
parts typically did not concentrate or did so in a very limited manner. This,
phenoinenonis-cdenon-strated.in Table 10 for 1000 ppm .exposures. .TJles'e

data are shown graphically in Figure A-1. and A-. rf Anppirlix A.

' 6
"I I

56

*1-
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S1 Table 10. DIMP Cont nt of Plant Parts from
2! 1000 ppm Nutrient -- z2 to 25 Day Exposure.

S3 '3

4 1 DIMP Concentration (ppm)5 14

6_ 1 65
Plant Type Leaf Stem Root 6

7 7
S8 8

91 Tomato"' 15,213 3040 4674 910 110

Corn 8,918 8993 1703 1 11
12 12

13 Bean• 8,000 2018 729 1 3

15 Radish 5, 231 1000 2935 1

16 016

17 Fescue 2, 329 134 208 I 117

1 18 18

19 Sugar beet 1,851 208 30 19
S120i2.0 20

21 Carrot 1,137 541 5Z 1 121

23 Rose 613 42 136 1 23

25 Wheat 19ZI 325

z 6 I Z 6
27 Juniper 53 ZI 17

28 I 18
z z9 1 z 9
30I 3o

15 Days31 I31

jj 321 '•Not processed
33 I 3 3

34i 34
35 I,35

36I 36

371 137

38 38
•]391 39

' 40 ' A O0

A 41 41

42 4Z
43 43

44 L _44
160.
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SA n o v e r a l l v ie w o f t h e v a r io u s c o n c e n t r a t io n s a n d p la n t p a r t s o f t h e h y d r ý -
ponically grown radish is shown in Table II. Here again the leaf is shown 2

3i to have greater concentration than the 'rest of the plant. The same type of 3
data for beans is shown in Table 12. Information from these tables is shown 4
graphically ia Figures A-3 and A-4 of Appendix A. S5

6 6
7 the values reported for DIMP content have been calculated on a fresh-cqt 7
8 sample weight basis. It is possible tziat some data could be biased if thdfre 18
9 were significant variation in the amount of water in the plant tissues. Tj

10 'examine this possibility, a per cent dry weight analysis of chopped leaf 1 10
0I tissue from :he various plants was run at 96 days. Table 13 is a summa'ry of IiI

12 I the data frorr, this analysis. There isinot a significant variation in moisture 12
13 1 content withia a species although there is some difference between species. 13

14.1 I1
" 13 Calculating the DIMP content of the plants on a dry-weight basis would 1-

6i increase the measured bioconcentration factors by some degree. A surnnar 1i61 7 of bioconcen:ration factors on a dry-weight basis compared to a fresh-cdt 1 7
18 1 basis is shown in Table 14 for various' parts of the tomato plant.
19~ I

1 20 Chemical analysis of the plants from t is series has been performed at -)0
2) 1 several time intervals. Data on sugarx beet, carrot, bean, and wheat after 1 21
?. '37days_exposure_ aThesh .abis shows the-bioconcentratioIn ' 22
Z3 factor for DLAP as defined before, ranging from 7.5 to just under Z in the 23in4 Fiur A5 A . hs umes 2
24 leaves. These data are plotted in Figure A-5, Appendix A. These numbers 24
2 may not be as dramatic as some of those in the hydroponic tests, perhaps 25
2 6• because the hydroponic system preserted essentially a constant and availablI Z6
27 supply of DI.P.IP while the soil restricted the availability of the chemical ýo '27
28 the roots. Further measurements of yield and bioconcentration were made I 28

4 Z9 as these plants matured. Tables 16, 17, and 18 show their condition at1 1 Z9
30 D 65 days. These data are plotted in Fi' ures A-6, A-7, and A-8 of Appen'dix . 30
31 i F A 31
32 'Terminal analyses of plant bioconcentration at the time of plant harvest k'er 3-
33 1made. Results from these analyses are shown in Table 19 and graphically 1 33

4 plotted in Figures A-9, A.-1, and A-tl of AppendixA. 34
35, I 35

3 For practical analytical purposes, analyzing the £resh cut tissue is morp 1 36
37 realistic because of the loss of DIMP 1 in the drying process. The data in 37
.!F2 Table 13 we:e obhained by finely chopping the leaf tis-,ue and drying to cbnstant 33
3 v weight in a 105 0 C forced air oven. The loss of DIMP can be illustrated !by 33

an experiment run on mixed sections of the same tomato leaves tretited rn 40
two diffe tent ways. The fresh sa-p1e rore th• 10 ppsa a - ti-sti - - 41

S.unLciL•dLiu:L ui 4.6. 5 ppim DIMP. The dried sample gave a conccntraton oI
,774. 3 ppm. Since the 10 ppm tomato'ileal had a water content of 89.4% the 3

":'" I r~y_.eaf DI.M.P con~centration should have been 2438. 7 pprn if no DIMfP was ... -

_61_
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Table 11. DIMP Conten of Radish Parts after I
28-Day E posure. 2

313
Concentration Concentration I 4

51 of DIMP in of DIMP in 5
"61 Nutrient Plant Bioconcentratiri 6

7 Plant Part (ppm) (ppm) Factor ; 7
8

91 Leaf 1.0 12.05 12. Ox I
10 10

11 Leaf 10.0 48.3 4.8X I
121 1 12Z

131 Leaf 100.0 957.6 9.6x 1 131 1 14
14 1 1 4

5 1 Leaf- 1000.0 5231.0 5.2X 15

16 116
"171 I 17

181 Fleshy root 1.0 0.3 0.3X 18

100
0 1 Fleshy root 10.0 7.3 0. 7X 2

21 21
" " 21 '2

I leshy roo-t - 99. G 1: 1 .8X --

"Z3 23

" "24 Fleshy root 1000.0 1000.0 1.OX 1425 1Z5

26 1 26~2 7
Z7I Fibrous root 1.0 2.3 Z.3X 1 1
28 128

29 Fibrous root 10.0 9,7 I, X 19
30 30

31 Fibrous root 100.0 1.09.0 1. IX 31

3Z 32

I I ~ 333 Fibrous root-" 1000.0 Z935.0 Z. 9X 343413
S 351 35

36 36

I37 122-day exposure. 37
S 38~ _38

39 39
40 40

41 - 41
4- 4Z -}42' I I-

43 I43
*" '4 I4
44 L. __ _ _ _ _ _ _ __ __ -LI
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r Table 12. DIMP Uptake i Bean Plants after 48-Day I

I Exposure Bioconeritration Factor. z 4 z

414
4 I Nutrient DIMP I

6 Concentration * 1.6
7 (pprn) Leaf Fruit Stem Root 7

1 8

91 1 4.79 0.5 1.3Z 0.74 9

101 I1 10

II I10 1.85 0.2 0.51 0.29 I1

12 I
131 100 2. 10 0.6 0.65 0,44 q 13

141 "_ -___Il: i 15
• Fruit =filled bean pod. I 1116

. J .. .. ...........- - ... ..- . .-. .. " I 17~r

S1 19

z 2 20

2 Table 13. Percent Moisture of Harvested Plant Leaves on Day 96. 1!3____ ___ ___ ___3"-

2 D. Percent Moisture 42 1r.m>. ;4 -

2 Plant Type . Control 1 10 100 1000 I 6

2 1 7

Carrot 84. 1 85. 3 87.3 80.4 ** 8S" ~9

Corn 82. 1 80.4 84.1 78.7 "

Sugar beet 90.0 90.6 89.9 83.0 1 33
/ 34

Fescue 85.5 85.4 86.3 86.9 I ,
35

S.... | 36
Wheat 80.0 81.6 76. Z 77.1 I 37

38
ITomato 88. 5 89.5 89.4 87.6

I 39
- Rt_ - -- e 74. l 75- 94 - 76. - 7 .-5 -- I - -

I i 41

Juniper 58. 5 60. 3 59. 1 56. 3 55.6 I

4. _ _-_- _ _ -_ _j_44

-..Nutrient DLJ)IP Concentration I -

"**-Plants did not survive.

63'1_ _
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1 Table 14. Bioconcentration of DIMP in Harvested Tomato t I

2 1 Plant Parts -- 149 Days Irom Original Inoculation. !
3 3

41 Det DIMP Biocon-
Concen ration in Tissue centration"i6 Concentration6

S 7 (pm atPlant In Bath 1pm at 7

S 8 Part (ppm) Wet Balis Dry Basis Wet Dry 89 . . . 9

10 I0'I Fruit 1.0 0 0 0 0
f12 1lz

Fruit 10.0 17.4 167.3 1.7 17.0 1S13 1 1 13
i 1 4 *1 4

i*~~ Fruit 100. 0 !5
S 16 15

S 17 17
18 Leaf 1.0 0 0 0 0 1
18111

19 11
Leaf 10.0 38. 5 350.0 3.9 35.0 201 20 2

•. 21- 1I
21 Leaf 100.0 363.2 2124.0 3.6 Z1.O0 Z?

?3 23
•->

24 Root 1.0 0 0 0 0
251 25
26 1 Z6
261 Root 10.0 70.5 870-0 7. 1 87.0

S ?7 1 2 7
2 8 ,28
2 Root 100.0 70.9 834.0 0.7 8. 3S 29 1 1 29
30 I30

31 31

32 Stem 1.0 0 0 0 0 32

SStem. 10.0 6.0 55.0 o.6 5.5 3

34 34
35 135
36 Stem 100.0 70. 3 717.0 0.7 7. 36Z

__37_ I_37

38 "38 I ..I

39 No fruit produced "39
40' 40

41, 41

42 42

43 ,__
44' ,___44

-6 -

I
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Table 15. Bioconcentration ofDIMP by Plant Plarts in 20 ppm
-/ 36 Irrigation -- 37 -lays fr rm Original Inoculation. 1

3'7_
18 Total DIMP I-

added to Pot I -

S4 4

Volume of DIMP 1

6 20 ppm Weight of Concentration 6
7 Irrigation DIMP in Tissue Bioconcentratijn 7
8 Plant Part (cc) (rng) (ppm) Factor I 8

9' 19

10 Sugar beet 9500 190 110S11 I1

121 Root 45.6 2.28 1 Iz
13 1 13

141 Stem 37.1 1.86 ' 14
1 

I14

15~ Leaf 19.2 6.46 I 1
S 16i I 16

17 Carrot 9200 184 I 17

181 1 18

""19 Root 12.4 0.62 1

* 201 I 0

21 Stem 6.6 0.33 121

----- =e ..- 36.9 1.85 2. Z
23 I 123
24 24

I24 Bean 9200 184 I
S 251 I ~ 25

261 Root 45.4 2.27 126

27 1 Z7

28 Stem 28.9 1L45 I 28
2') 29
29' Leaf 150.0 7.5030'I 130.!30 1 30

31 Wheat 9200 184 I
"132

33 Root 31.5 1.58 '33
S34 "' 34

35 Stem 1.4.2 0.71

36 Leaf 105.5 5.28 1 36
737

3713

338S 8I 138

39.1 139

O40 I 40
i41 - - -7 41

S42 f I 42.
43I 43

I4I . I44', 4

n.*-6 5!-
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3' I 0

4, 9 114

8 10

12 1 Lf13 14
"1 31 11 3

154 1
14i1 ~141 109
211 11 15

l5Z '- ]' I

"•18 .4 u 1

Z61~zgo o• a12

281 c 19~ 2

19 m ýq 1'" " 1 .9l

2920

15 "z I 152 2

Z4I 29
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Table 10, Bicoconcenitration of DIMP by Plant Parts

2 1 (Terminal). (Sheet 1 of 3)

:! • 4
Total DIMP
Added to Pot D 6•:D LMv

7 Volume of Days Concen- 7

;8tI 20 ppm Weight From tration in BioIcon- 8
9 Plant Irrigation of DIMP Original Tissue centration

10 Part (cc) (mg) Inoculation (ppm) Factor 10
__ _ _ _ _ _ _ _ _ _ _ _ _ __ __ _ __ _ _ _ __ _ Fa t r

12 1 20 PPM IRRIGATION I 1
S3 1 13

Sugar Beet 49,300 986 196 14
Root 11 0.6 15

1 16I Stem a a a 6
17 Leaf 65 3 37

i 13 i 18

C~ar rot 52, 700 1054 225 19
Root 13 0.7 20

- ? Stem 27 1.4 21
Leaf 69 3'.5 5

S 2.3 -Bean 17, 100 342 65 1 23
Roo i

I Root 81 4'.1 2.4

25 Stem 63 31.2 2 5
2.-" Leaf 121 26

I7 27
ý$ Weat 17, 100 342 65 z

-e Root 22
Stem 10 0.5 30

Leaf 106 5.3 31

A ifilfa 23,400 468 115
Root 5 3 33

Stem b 34

Leaf 24 1.2 35

, 8 FPM IRRIGATIO 37
i •.:38

"Sugar Beet 49, 300 394 195 39
• , 1"~ oot 5OS te"n . . . . . . . . ...... ... . . --.. . .. .....- -t -n'- _ __ 4 1

a'

T !1
6_,
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Table .19. Bioconcentration of DIMP by Plant Parts j
(Terminal). (Sheet 2 of 3)

I I

Total DIMP

______DIMP 6

Volume of Days- Concen-. 7
20 ppm Wih a rto n Bo~n

"Plart Irrigation of DIMP Original Tissue centray I 9

Pat(cc) (mg) Inoculation (ppm) Facjtor 1 10

Carrot 52,T700 422 f I z
Root '

Stem 5 0.16

Leaf 17 2.115

I 4

':Bean 17,100 137 i 1 6
Root 46 5e18 117

.' Stem 29 316 18

I" I 7

V7 Leaf 41 5.12 1 19
1 0a 17,100 13711

whearrt 527042 z I

Root __0.3___2
C 1 23

Leaf 86 10.17

25

S Alfalfa 23,400 184 1].5 1 26

Root 11 .4

Stem 6 0.68 127

Leaf 21 2.16
_ 29

. Pe PPM IRRITION 13
*31

. Sgar Beet 49,300 496
2 Root c 4 133

"" Stem a 34

- - Leaf 35

Carrot 52,3700 53 225 37

3 38

S• Root 11 1.1 38

Stem 1 0> 39

S-' Leaf to 210 124

I' i '4

__ _ __ __._ -_ _ _ 34~J

.41

7..•:: Ste a 435
Leaf I • 3
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I Table 19. Bioconcentraton of DIMP by Plant Parts

. I

21 ~(Terminal). (Sheet. 3 of 3)I

3'.___ _-j3 _ -. _0--_E__

5 Total DIMP

6Added to Pot DM
7

IVolume ot Days Concen-
, 2 ppm Weight F From tration in Bico i-

Plant Irrigation of DIMn Original. Tissue cePtrat: ors
Part (cc) (mg) Inoculation (actor I

B3Lean 17,000 17 13

1 1

Root 9 19 13
15Sterm 1
1s Leaf 3 3 6

1711

3 Wheat 17, 100 17 t3 19

Root 4 4 0'.

CI I

* Stern 4 ~ 4 I

Leaf C_ a

' I I I I t

I lala23,400 23 115

Root C a I
26 Stem 

C11
?iLeaf c a

3 N o sample I i '0
4 --I I I

' r b) 2 In u o mdetected z

,c 1 1 t

3' 1213b
, 4

43 C< 0. 1 4
Iý11 -- 1 5

36

-7 L eaf.--- -- 3 3-_ __ _ ______ ___

37 17 37
: 38

""73 5.t7 01
3 39

26 Stem10

27 Le43

28 I I I'•7,



19 5 3 -0k(Ol)FP

lo6st -in thfe drying process. IfTis -- c-arcTuaTito idc-a-Ye-sr [Rao7-proxR-nately 75
of the DIMP was not extracted from thle dried tissue either beca-use of va~pori

atofixation, or chemical conversionL.

This same characteristic has been noted before for DCPD, in which approxi- I
mnately 30% of the DCPD was lost in a concentrating step in the analysis of a
'standard solution.

I I 18
!Analyses of the plants cxposed to I)CP.D revealed no traces of the material in I
these samples. One of the difficulties' hi administering this contaminant to I

10 1 the plants was the lack of solubilitv of D)CPD in water. The 10 ppm. solu~ion 11

appeared to be homnogeneous but all of the other concentrations resultedi in I
! Ia wa.,ýy film- of DCPD .-f varying thickness on the surface of the solution. 1 13Thisfil apeare tovansh with timne and wias replenished upon subs4eqnt 1

additions of DCPD to the nutrient baths as described earlier. Addition of I
solubilizing agents to the DGPD baths was avoided in these experiments 0 o

preclude additional unknown factors that would not be present in any natd'rall 7
ocrigcontamination.I 8

I 119
'The analytical system (extraction/chromatography) has been shown capible I

21 of recovering standard additions of DC:PD to plant material at lUO ppm.
-- The conclusion then as to absorption of DCPD in the plants is that probably

Z3 -it is at too low a level to be detected by our presentl y ds tchFqed
effjctively eliminates consideration of bioconcnetration of D)CPD in the hy dr C- 2

7. ponic system and without solubility ai s

26i 12

712.4 DISCUSSION 2

29 12
39 03

Di~ 4. 1 DIMP 3

IThe data generated by this study have~shown that therc is a phytotoxic effect 3

concentrations of DIMP in their nutrient solution or irrigation water show 36

;deinie SgnSofplat tssu dmag. 1As heconcentrationofDM prah,3

ebzer h symptomsi of phytotoxicity, become less pronounz ed until they
became indistinguishable from those caused by normally encountered lenývL-

3?

'Such bymiptomns as -leaf-curl and-tip bu .rn-could-ailso be-indicative-of--deficien..
cif:;i ra c e en -j ntE iL, rjrt,4 ti Q n .n c d m 1;Ut .C:- d ;-

72-
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preparation, thermostatted greenhouses, and uniformity oi irrigation should-
eliminate enough variations in plant to:plant treatment to produce these 2

I symptoms. A certain amount of plant to plant variation exists because of pla ti~~ 3 3
"position in the greenhouse. Proximity of walls, heaters, coolers, shade, or

- sun can cause variations within specie'.J I 5
TrIe phenomenon noted with some plants in which a smali dose of DIMP

I pi
duced enhanced growth whereas a larger dose produced phytotoxic symptoms 8

9 1.also creates a certain amount of ambt utty in the evaluation of symptomr.. 9

10110
Taking all of the above into consideration, estimates were made of the phyto I 1

were chose sstern. Based upon theseI:' : toxic effect/no effect level in the hvdroponic sye clue t1est h
estimates contamination levels re chosen for the soil culture tests wq1ch 1
it was felt should have resulted in an effect level, a no-effect level, and :one
5 omewhere in between. 1

16 16 6
7 As the soil growth experiments matured it appeared that the contamination 17

levels chosen for the demonstration of' efect level were not high enough o18

"show such an effect. '19

,' ' 20
.The data from t.Le initial soil growth experimnents were examined to establish

_-. ._some relationship between dose level and phytotoxicity. From the purel2
visual evaluation no symptoms were e--ident which could-be tied directlylto 23

, I 'dose level. As for harvestable plant weights we may conclude that in sone i I

cases the nominal contaminants are actually growth promoters. The ony
,, evidence available from the strictly statistical point of view are the yields 26

. of the positive control plants. These vary so widely one from another tht 27

it can only be concluded that plant-to-?lant variation is so great as to con- 2Z8
"n • . ely mask the results of the treatment. In other words, the signal-to;-29

noise ratio is very low. 130
3t 31
S *2 IýA much more extensive series of experiments, from the point of numbers of 3.

'plants and contaminant concentration levels, would be required to enabld 33
34 -mathematical statements of the effecti of DILMP on plant growth. 3-

""35

From the supplemental, broad range soil growth experiments, we can c'rt- 36
.lude from visual evaluation of symptoms, mainly browning of the leave s 37
and stunting of t1". plants, that a level of DLMP in the irrigation water between 33

100 a'.J 300 ppm during the early stages of development and down to appi'o- 39
x i rnately 50 ppm as the plants approach maturity causes such symptoms'te I 40

appear- A- .....----

it has also been shown that the bioconcentration of DIMP occurs at all levels 3
of 1I)IP application rmainly in the lcafttissue. This concentration is not!

7 3
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so evident in the portions of the plants norr~ally directly consumed by human"
beings, e.g., carrot and beet root, bgan pods and seeds. -

3 3I I

Portions of the plants which have use as animal fodder, most especially'I
A the leaves, show concentration factors which indicate that such rnateriali

"could enter the food chain by way of animal feed. I6
7, .a.... .. .. -7-

the significance of the absolute quantilos of DIMP ingested in terms of 8
'4 human or animal health must be ascertained by further investigations into 9

C" the actual human and animal toxicity of this compound. Inc luded in suchl t0
"iinvestigations should be a study of the possiblesy~ergistic effect of the '__
possible food matrLxes involved and the deposition and concentration of the

3 toxic material in the human or animal'organism. One of the observatioj s 3
"noted in the broad range soil tests was that the effect level of DIMP became 14lower as the plant matured. This was probably due in part to the absorption
of DLIMP from the irrigation water by the soil particles near the surface. 16_

"Data from the lysirr.eter tests indicated that DIMP would be accumulatedlin 17
'A a concentrated band at the surface of a soil column with the rest of the I13I• column, such as the area occupied by :the plant roots, receiving a more

dilute solution than originally applied., This type of phenomenon may alio 20
- par tially-explai n-the--obsex-vation-that biIconc.entzatLo.n also-app-eaxrJ.]sj& 21

o• , intense in the soil than in the hydroponic case, in which the plant roots .re 22
23 subject to a higher, more readily avai'lable concentration of 2i. 23

I I
h :2.4.2 DCPD dsuedao

I a?
2- 'The parallel experiments to those dis ussedabove which substituted DCPD (3
-." for DIMP led to somewhat different re'sults. As in the case of DIMl, certain

S visnal evidence of phytotoxicity was observed. The overwhelming syrpoe 30)
in this case was stunting of the affected plants rather than the browning 3:1
"reaction so evident with DIMP. "32•33 , :
'Sensitivity limits in the DCPD analyti•al scheme coupled with the insolukilit 34

of the DCIPD in irrigation and nutrient! solutions resulted in no quantitative 3.-
data on plant uptake, An evaluation of the yield of plant material from the i 36
"soil grown plants in the DCPD case also showed no discernable tissue d-.mag 3.7
which could be a. signed to DCPD uptake. At the irrigation contamination 83

"Z., levels used in these tests, < 1000_ppm:DCPD, no visual symptoms of phyto-
xicity wore f.finitely attributable to the contaminant. 0, '

Since, in the analytical technique used here, the presence of 100 ppm DCPDJ : 42
-taaareti:ia cat .M a 3i

1 4

74
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was present in all the tis.sues analyze The problem of human or anim.l L

.. toxicity can have that concentration as one of its limiting parameters. I Z

2' I

":6 0;7 77
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11 121
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Sect on 3SI I i

3 SOIL STUDIES I3
4i51 1 5

'J 6 1 .3.1 OBJECTIVES 6
6' 7
8 oi

8 Another general area of study under this contract is the determination ofl
91 1nobility or stability characteristics o0 the contaminant chemicals in soil. 9

Contamination of soil at given installations can be determined and appro iriat 10

Ii action taken with one degree of urgency if contaminant migration can be 12
i 12 1 ]emonstrated to be insignificant. Significant rates of migration, on the I 1

13 other hand, indicate need for a more expeditious approach to preventprb- 1 13

lems of contamination of adjoining pro erty, 14

I : Measurable migration of contamination through the soil also bears upon the

17 subsequent agricultural use of the area. Removal of a contaminant fromf the 7

] local soil by irrigation could be, in some cases, a preliminary to returning I
I the area to agricultural production of edible foodstuffs.

20 20

"Preliminary analytical experiments inUicated that there was a greater clia.ncg 21
I -of-succes-sftrl-anarlysis--inr-th -,'ase-of-DIMP--and-thereforef the-oulk-of-4"¢:23~ I1 |I :?3

3 lysimeter migration studies was run with this compound. _ 3

-An additional series of bench top experiments was performed, the objectIe.

of which was to determine the significance of volatility of DIMP or DCPDifro"]27 '1'-?-"•
21soil. These tests used radioactive tracer techniques in their execution.l r -
2S8• Z3ý

""29 / 1 29
SIi ,30

3.2 MATERIALS AND METHODS 131

331 31
3z I 3233 I

33 3.2,)i Lysimeter Studies '3433

i 35 I 351I I
S 36 36I I

'3. 2. 1. 1 Lysimeter Design and Construction 337 '' " i37

The lysimeters used inthese experiments are shown in Figure 37. They 39A consist of cylindrical steel containers, epoxy coated on the inside. Thel
; cont-,airner-s-a-re_2,Z.3j8_in.iis.icle diareter by_39 in. high and were placed

,in two groups of five each on wooden stands constructed in accordance w~th
Fithe drawing in 1,gure 35. 1mach ot the lysimeters had a screened cover13 I ' I43

(Figure 39) to afford protection from rainfall and local wildlife while leav- '
i-ng-free-a•ir-ci{rculatiorn-ove--he--s urfac-eb _ --

--716-
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Soil solution access tubes (The Irromelter Company, Rivers ide,California.) 'I I
normally used in tensiometer applications were inserted appro.-drmately I

ft into the soil bed at Points 6, 18, 30, 42, and 54 in. below the surface 3

l level. These tubes (Figure 40) consisted of porous ceramic cups attache I 4'4
coaxially to 1/2 in. diameter polyvinyi tubing. Ground water which collected 1

in these tubes was drained out into sample jars on a weekly basis and subjected[ 6
7 to chromatographic analysis. The soil columns inside the Lysimeters were 1 7
3 supported by a 6 in. deep layer of washed pea gravel which rested on thel 1 8
9 inside bottom of the apparatus. A drain valve at the center bottom allowed 9

10 ground water which had traversed the 60 in. soil depth to be subsequently I I0
11 sampled and analyzed. I II I
12 1 1
S 13 ISoil core samples were taken with the tool shown in Figure 11. This is An I 13
"I bakfield, Wisconsin pattern soil sampler Model No. 1238N-DB with extensions1
15 and replaceable tips purchased from Nasco Agricultural Sciences, Modesto, 15
16 California. I I 6S 17 1 I 1 7

S 181 I171

191 3.2. 1.2 Soils I
20 C.

21 The two sets of five lysimeters each were packed to a depth of 5 ft with Z2

* .., l I 'r ec ons tru--te d-soil. take n-f rn-va r io's.-loca.tions----The-techniquefor pre r22

paring the lysimeter contents consisted of excavating field soils in 1-ft depth 1 23
2 increments. These increments were held in isolated containers until ea'ch
25 was separately air dried and ground t6 pass through a 1/4-in. sieve. These I Z5

dried and sieved portions of soil were.then packed into the lysimeter so that 2
their final spatial relationships were the same as they held in their natural 27

28 Istate. I 128
29 T 

I Z8

~Z -
3 310~ he test soils were obtained from various rural locations in Southern Gall- 30

fornia (Figure 41). The top I ft of each soil sample was analyzed to deter- 31
32'-ietesi ye n hs _r.mine the soil types and those used in this study include: (1) Chino -- sandy I

3 clay loam, (2) Brawley -- clay, (3) Ventura -- cla' I am,.4) Fullerton - 33
S 4;sandy loam, and (5) Walnut -- clay loam. Tables"and -/I9"qist the test 3-1.

soil characteristics determined in the' laboratory, and Figure 4Z illustrates36 '"3
36 the position of these soils on a textural classification chart. 3
37 37

The most recent use of the areas sampled for .hese particular soils wer'e: 31~3
Chino, sci -- rangeland, Brawley c -- unused portion of a USDA Agricultural 3,0 :, 0
Research Service farm, Ventura cl -- 'abandoned lemon ranch, Fullertoni

.4 'n a I{ ,o d - - orange ranch and Walnut ci -- abandoned general agricultural area.

S_80 _
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i i Table 21. Spectrographic nalyses of Top Soil Samples. 7 ! 1

eSemiquantitative Analysis

3 Element B rawvlev Chino Fullerton Ventura Walnut 8

10 '3.0 30.0 33.0 28.0 28.0i

131 131

IIAl- 11.0 8.5 5.5 8.8 8.7{ !1

13 Fe- 3. 3 2.5 2. 0 2. 4 3.6}:13

14 ~ Ca- 5.3 2.0 2.4 1.4 Z.8 1
15Mg 1.6 0.85 0.69 1.z 1.5

1 6 a -, 2. 54 . 5 '7 . 4 5 . 2 0
17 Na-3.4 5.7K- 3.7 1.7 2.5 2.9 1.918

Ba- TR<0. 05 0.052 0.054 0.053 0.079 19z0 B- 0. 0042 ND<0. 003 ND<0. 003 'I R<0. 003 ND<0. 003 20

21 Ti- 0.50 0.4Z 0. 27 0.53 0.57 2z1
fP- TR<0. 01 TR<0. 01 TR<0. 01 TR<0. 01 TR<0. 01 -(

23 00Z3
* I Ga- 0. 0068 0. 0039 0.0032 0. 0048 0.0061

, n 0 5 0090.055 0.040 0.063 275

26 V- 0. 0094 0.0084 0.0076 0.0092 0.0087
. 7 Cu- 0. 00-42 0.0030 0.0049 0. 0067 0.0059

3 1
29 Ag- ND<0. 0001 ND<0. 0001 TR<0. 0001 ND<0. 0001 ND<0. 0001S29

30 N0- 0. 0034 0. uo32 0. 0031 0. 0044 0.0046

S 31i Zr- 0.01Z 0.025 0.025 0.039 0.028
z Co- 0. 0028 0.0023 0. 00oz 0. 0024 0.0040

33 Cr- 0.035 0.013 0.027 0.054 0.032

3S, 0..0020 0.0023 0.0021 0. 0022 0.0019

Othcr Nil Nil Nil Nil Nil .

TR = Trace

ND = Not detectablc -

4 31
44 :

84
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-3.2. 1. 3 Experimental Design on
S- a I2

There were two general methods of application of contamin tion to lysim-e 3
soil to be investigated. The first, designated Group 1, consisted of applying 1 4

a standard solution of DIMP in distilled water (20 ppmn) to the surface of the 5

soil and allowing it to percolate through the unit, Samples "w<ere taken o6 the
ground water, drainage water, and soil at regular hiterval-s for chemical. 7

"analysis. The lysimeters were premoistened before the aHdition of the I 8

contaminant solution by adding distilled water at the top ane- allowing it t 9

dI c rain through the system until water appeared in the drainage pipe. This 10

S water was then allowed to drain out until flow ceased before beginning additio nI
2 of the contaminated water. 1S2 I I a 12

S13 1 I 13
The second method, Group 2, consisted of intimately mixi:-in 20 ppm DIM"
into the top 1 ft deep layer of test soils in a second group of five lysimeters 15
and applying a 2-in. deep layer of distilled water to the soil surface at regular I 16

intervals. Samples of the ground water, drainage water, and soil were taken 17

.' and treated as in Group 1. The chemical analysis for DIM? permitted oh- 13
SI19

servation of the progress of the chemical through the soil.

2 zo a 20

-; 211 I 2!
' '" l '22

_- 2 _3,..Z ..1 4___, npLkng - - - - -

23 1 1 1 23

Sampling of the lysiimeter materials consisted of two general types: liquid Z 4
• and solid. The 'quid (H.O) samples were taken by dralfiing the soil solu- 25

2. tion access tubes . f their" contents on a weekly basis. The tubes were stop- 1 26

pered in place by imall (1/4 in. diameter) polyvinyl valves which, wheni 27
'opened, allowed tl .e collected liquid to' run into a 20cc screw capped scintil- I Z8

""lation vial (Kimble No. 74500). The sample tubes were positioned at an, 1 29

3 estimated 100 slope to allow liquid which collected in the ceramic cup tol 30

31 flow to the sampling -ralve. Samples from these tubes were small in volule 31

32 usuaily less than 10cc. 1
33 I 33

34. Concurrent with these access tube samples a sample of the drainage at t3e
S 35 60-in. depth was also taken. This was accomplished through a valve at35

'the bottom center of the lysimeter. Drainage volumes of several liters 36

were available and aliquots of these were taken for analysis. 3"1
3 38

The soil in the lysirneters was also sampled on a monthly basis by rneanlq 39
'of the coring tool described in Section'3. 2. 1. 1. In practice the tool was,
inseted so as to retrieve a -6 -in,- deep -cor-g thi-Uii--tH-i'ved aid--th-Pfoii- 41

""' nately 6 in. by 1/2 in. core placed in a 4 oz glass jar and sealed. The 'tool

3 was then returned to the same sampling hole and the next 6 in. incremerit of 1 43

- e ptU gtrieved in like manner. This process was repeated until the _"

S86
Aj
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dcepth (60 in.) of the soil column had been sampled. One core sample, cbn- I
* sistingof ten 6-in. increments plus one 1/S-in. surface sanm.ple,-was taken I

* from each lysimeter during each 1-month sampling period. 3
I 14

On completion of the sampling in a given location the sample hole was plugge 5

by inserting into the full length of the hole a tight fitting 1/2 in. by 6 ft s~ction

- f rigid polyvinyl pipe sealed on both ends. 7

9 , ,
I'D 2. 2 Volatilization Studies (Radioactive).

, lI
:12 ;12

" 3.2.2. 1 Experimental System 13

The experimental arrangement used to determine volatilization loss took 15

advantage of one available nmethod for physically locating the subject chemicalss 16

' 7 in the test matrix, namely the use of radioactive tracer techniques with car- 17
bon-14 as the source of radioactivLty. Samples of DIMP (Mle - 140) andl

DCPD (X - 14C) were synthesized by New England Nuclear Corporationlfor I 19

" use with this technique.
2 l l II I ; .

The _teso_pf_oc eduxe__.o_-sQasted ofdiluting the appqpp ate test chemical wfth 1 22_

nonradioactive DIMP and DCPD respectively and adding these solutions to I 23I, t2 L
Z 'samples of dry soil to a level of 20 pp~m. This was accomplished by adding 24

* a weighed amount of radioactive liquid' in a sealed, thin-walled analytical l3

2 ampoule to a glass mixing jar containi'ng the proper amount of dry soil, I I

sealing the jar, and tubling it for 7 to 10 hr. The ampoule is crushed' 4 7

b 2 by the initial rotation of the jar, and subsequent radioactivity m easuremrrents Z6

on different portions of the soil sample indicate that thorough mixing was I 29

achieved. I70S 3 1 It

In the first experiment in this series the mixed samples were placed in I 3Z

33 'A in. deep layers in a series of Z5mm Pyrex test tubes. The tubes were set 1 33

.' into gas trains as shown schematically in Figure 43. The actual apparatus I 34

is shown in the photographs in Figure 44. Dry air passed through Drier'ite
,& 'columns and a 0.45i. diameter Millipore filter was passed over the surface 36

of the soil at 100 n! per min followed:by bubbling into two methanol trap's in 37

series held in a Cr" ice/alcohol bath. 'At the completion of each of the variou i 3S

test periods samples of the soil were taken for analysis of remaining radio- 1 39-------------------------------------- I I 4Q
1 + i ':activity.I,

1' _ _ , I "+ 4

The second set of experiments using ese tracers was set up identicall' witil
,i " th "im the folrowuni'cxueptin, Thed ry_soil za-pMe Dv.L mnoistened _J

S--I------
- -**--
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by the admixture of 20% of its weight of distilled water, anc the testcharibers

were changed from 25mrm Pyrex test tubes to 55mm Pyrex gas-impingerl I 2I bottles filled to a depth of 6 in. with the soil. All other operations were, 3
the same as with the first set. ,4

JI I -•

. 1 6-

3.2.2.2 Soil 7
8 l1

IThe soil used in all of the radioactive tests consisted of Fullerton sandy

IC loam topsoil that had been screened throua 1/4-in, mesh sieve and air- 10

11 Jdried before use. I11
12 I 13

3. 2. Z. 3 Sampling
" -I copeto

At the completion of a given exposure period for the soil in the test tube

I7T a tube was sacrificed and the soil contained therein divided into 1-in. inrre-

- ments of depth. These increments were kept in separate sample jars fo'r Ii
submission to the radiation laboratory:. The entire 1-in. increment wasl 19

I taken in each case. The effluent air downstream from the soil tubes waq C'
2' bubbled through solvent traps which contained methanol, in the DIMP train, 21

_ and-hexane,_in.the _DC PD train. The total liquid contents of the bubble traps 2 2

23 were also submitted for analysis. 3

2(, '3.2.3 ChemicalAnalysis 26
.4 ?

.3. 2.3. 1 Soil and VWater Samples. 1 Z9

"3' The chemical analysis of the lysirmeter soil and water samples followed lthe 31
-.. same general procedure as the analyses discussed in Section Z 2,4 Sirce

3• DIMP was the only contaminant used in the lysimeter tests the direct introduc-I 33

- tion of sample solutions into the chrormatograph was used. The sample solu 34

L5 ions consisted of rmethanolic extracts of soil samples and ground water I 3

samples either used directly or diluted with distilled water if necessaryt 30'
371 37

I ,,I IS I I
3. 2. 3. 2 Analysis of Radioactivity I

The analysis of the radioactive samples c nsigtd -fd-trfnn[ng tiHe qu ntit -'

of C present in a given sample. This was performed by New England

90
I

I .. . . "
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___"_____-____--.___________ I ____________________

Nuclear Corporation, Boston, Massachusetts using the technique of sVample

combustion, trapping, and scintillation counting of the released 14 C. The I z
3 quantity of radioactivity found was thezk calculated as percentage of radi- 3
.:L activity initially placed in the sample. ra4
5- I

7t 3.3 RESULTS 7
8: 18

10 3.3 1 Lysimeter Studies 1 10

S11 I I 11
. . 11

1 I I1z
13 3.3. 1. 1 Group 1 1 13

-414
153 In the Group i experiments the contaminated irrigation water was added 13

w *veekly to the soil lysimeter by coverin'g the surface with a 2-in. deep layer 1 16

of water (12, 887cc) containing 20 ppm DIMP in solution. This rate of addi- 1 17
1 ~icion of material to the lysirneters was continued for 14 weeks at which tie .e

"the drainage had slowed considerably and the same addition was made or4 a t9

Z0 2-week cycle. ,zo21 j I
22 _)A..se~of anales-! was-r-unol_ -rgoud water samples from the lysimctlers 2?.

I A -_--et-o--aa- -- -- -- __ s
23 j'ust before each addition of a new charge of liquid. The soil core samples 23

:were taken once during each monthly period and analyzed. -

26 The amount of water collc cLed at the bottom drainage port has been monitored 26
27 and related to the amount of water added to the top of (he lysimeter. Th'e 27

-2S ratio of water added to water recovered is designated drainage ratio. Tp.ble ?-24 Z8
and Figure 45 illustrate the drainage ratios determined as a function of time I Z?

-0 'for the Group 1 lysirneters. Table 23 shows the DLMP content of the ground 30
31 'water samples at the final sampling tine. 31
.32 ,3

33 1Analysis of the soil core samples at the conclusion of the experiment wals 33

3- 'run on four cores from each lysimeteý. I 34•;35 I 35

*36~ : Because of possible inhomogeneities alnd such phenomena as channeling 3$
: existing in the soil beds it was deemed advisable to collect multiple corq 37

* 3-> samples from the lysimeters for the t'rminal -ampling run. Averaging the

-" values for each increment of depth, which should be representative of th 39
e 0., 4 'real DIMP content, yielded the valueslin Table 24.

The individual values from which the averages in Table 24 were derived'can r
'be seen in Table B-i and Figures B-1 through B-5 of Appendix B. I43/' . I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 44
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Table ZZ. Lysimeter Drainage Ratios, Group l.a a
' -I I

I)-

Lysixneter
Age

(days) Chino Brawley Ventura Fullerton Walnut Average ILI

10.5 1.04 0.93 0. cI 1.00 0. 88 0.95 9;
"26 0. 59 0. 62 0. 57 0.49 0.64 0.58 99
38.5 0.58 0. 57 0.54 0.55 0. 58 0.57 0

V 52.5 0.47 0.60 0.60 0.60 0.60 0.58 '.1
66.5 0.73 0.86 0.. 0.83 0.7
80.5 0. 75 0.81 0. 4 c 0.73 0.78 I 13

93.5 0. 57 0.78 0.f1 c 0.66 0.674

112 0.64 0.65 0.42 0.43 0.54 0.58 5
140 0.52 0.75 0.62 0.42 0.41 0.55
168 0.54 0.42 0. 55 0.40 0.40 0.46 1 -7
195 0.41 0.57 0.63 0.51 0.49 0. 52 -1
2 16 b 0 . 2 6 b 0 . 0 7 b 0 . 4 3 b 0 . 2 8b 0 3 3 b 0.27 19

237 0.44 0.44 0. 5 0. 31 0. 51 0. 45
2 . 265 0.47 0. 21 0. 59 0.26 0.52 0.41 2'

_-293 0. 0.75 0.41 0.58 0.66 __ 2
2Ž 321 0.37 0.35 0. 1 0.29 0.58 0.44 23
2 349 0.47 0.34 0.64 0.24 0.45 0.43 -L

377 0. 59 0.41 0.o9 0. 24 0.43 0.47 25
419 0.45 0.39 0.70 0.21 0.39 0.41

__.-__.' I -,-7
•=II I :

S : aAverages of successive pairs of data points. 29
"? 9

b
Single value, not average. £

Do not fit sampling sequence. I

:_ ' I I 3 -

5:- I .;,

' I 36
_7 1 37

"- ' ,* 39

' I ..)

92

II



0 0t -

1Ž' z -J -

>

0

(0

0' tI0

0<
zC

-, 0 N 4JI 7)

3'--

10 1

33

(NI 31NnIlOA Jifo 3Vmfl1OA) 01IJXU 3JVNIVHtJ- 3



Talble 23. DIMP Content oý Tensiometer Water Samples
(Group 1) at 405 Days (ppm)- 2

14

___ • __ __-_________ I -
4I

Depth
7(in.) Ventura Chino Fullerton Walnut Brawley I7

I I

.49 6 17. 1 128.3 26.9 27.7 9~
10' -

1 18 6.7 16. 5 I18.0 7.5 26.0 1
12b1 30 4.9 23. 2 26.4 20.1 16.7

13 1 13

* 1 i II

18 I d

1 ? *~~No sample L'

21 121

)LTh -iatota.4-DIMP coanrte nt-wva s-calc-ulated z! as uming that-the .6 -in~or~e__fr~eac~h_! 2 ý
* .~ scampling period was representative of the corresponding lysimeter cros's I 3

section. The ratio between hysinoietercross section volume and sample ore
volurme is 38.2298 liter This mea.s that the lysi.eter c"os ,

=985.S1"
0.03S7S liter6

z0 section should contain 985. 81 times the DIMP quantity detemined in the,

entire core sample. 23

S D 6 .perient for Group 1, 9.5349 gm of
3. DIMP was added to the surface of each lysirneter. Calcula-.ion of the DIMP S

content of the lysim-eters at the conclusion of the experimen-t resuited in~the 3

data shown in Table B-2 of Appendix B. 33
1Ii!34

3 The weight of DIMP in drain water w,%as calculated by- determining chroma- I

I0 I 1 13

tographically the concentration of DDAP in the drain water and multiplying
i 1 37

_t by T he volume thercof for each drainaue increment. Su-mming the drain 33
recoveryrand the soil recovery gives the total DIrnP recover- crhown inI

3 -Table 25. These data are illustrated in Figure B-6 of Appendix B. 30

9 4 - - - -- 85 . 8 1 ' -

.2.

se.c..-on-.- -hou--d co- t 8. 81 times the------D.-----quantity--. determined -n th I -
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Table 24. Average DIMP C ntent of Soil Samples (ppm)

21 After 426 Da s, Group 1. I =

3II 3

": ~~Depth

V(in.) entura Chino Fulle rton Walnut B rawle/ 6 =
I 7

0 'surface) 28.4 28.9 2 3.6 33. 3 18.41 8

91 I;9
o 0- 6 6.5 7.4 8.7 9.0 6.5 ,10

1' ii

6 - 1Z 4.8 7.1 7.1 8.2 8.6• 0
'31 I 113

1L - 18 2,5 5.3 6. 1 7.2 7.0: 14l 'I I

i5 18-4 3. 3 5.2 5. 9 6.0 7.6 15
-I " I 17L -

24- 30 2.4 4.9 5.7 6.5 6.91 i
is9'"I t L9

30- 36 2.7 3.5 8.3 7.5 6.61
- -I I -

36 - 42 4. 4. 5.8 6.6 5.7 2

23I 23
42 - 48 2.9 3.0 6.1 8.8 6.0'1 -

.. • i I25
- I 48 - 54 2.8 3.5 6.4 7.8 5.026

I ; ;I287
54 - 60 3.1 6 8a 4.9 6.3 5 . 8 I

"Group contains ome samples "vith no detectable DIMP; I I2

Si.e.<0.1 ppm. j 3 -

333
4I 234

1353:I 35 --

3637

13

_ I I
' I , 43 -

4 ,.:' I
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- rTable 25. aMterial Balance, Lysimeter -: 1
- roup -- 426 Days. 7

3 - I
4 Weight of Total Weight Ii

5 DIMP in DhvNP in of DIMP DIMP3

SDrain Water soil Recovered Recovereld _-

Sample (gin) (gmn) (gm) (%)
8, 8 I

9 Chino 1.66 2188 4.54 47.6
i I -

10'
B r awle y 3.06 2.102 5.08 53.3

12 1 Ventura 2.4Z 1.67 4.09 4Z.91 1
1I3

14 Fullerton 0.84 2.6Z 3.46 36.31 I - -

15 Walnut 2.54 3.i04 5.58 58.51 1
16 I I -

17 Average Z.10 Z.145 4.55 47.71 Ii 7
1;35 ____________________ _______I _h_ 13

' " .. I I
9. 5349 gm DIMP added I

23, 23
1I , , I

SThe drainage solutions appear to have reached an equilibrium concent~atio 2
...U_ by the end of the study. The average DIMP concentrations for the pairs of

-7: drainage increments in Group 1 are sh'own in Table 26. 2
I IS

2" The amount of water present in the soil at sampling time was deterrnined

by taking one half of the weight of the core sample and drying it to constant 31

3i weight in a 1100C forced air oven. Representative data from this type of 3.,32
analysis for Uroup I are shown in Tab e Z7.

33 .3
3 -1 3 4

A conmarison of these data with other 'similar data from Group 1 and Gr9up I5

can be seen in Appendix B, Figure B-7. I

S7 37II I
3, 1 3 2

3. 3..1.Z Group Z
3 39

Similar typos of-data.were generatedd in-thGroup 2 lysirneter experimeAts,. 7,*
.: in •hK1 DTMP (Z0 ppm) was intimately mixed with the ton 1-ft laver of soil I

and subsequently subjected to regular irrigation with Z-in. deep layers of
distilled water which were allowed to percolate down through the soil..I

I --- .96' 96

-
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* Table 26. DIMP Concentration in 60-in. Drain Samples, Group 1. 1

Duration of ISoil Designation
irrigation ____

(days) Walnut Fullerton Ventura Brawley Chino

"30 a 0.6: 2.2 0.3 a
•;51 a a 2 .0 -O.8 a t

58 a 0.41 1.9 0. 5 a
66 0.2 0.5: 2.0 0.4 a i0¶I-

, 73 0.z 0.7i 3.3 0.1 0.2-
1 86 0.5 0.7i 5.6 0.5 0.8 1"
1  93 0.3 0.9. 3.Z 0.2 0.6

100 0.5 0.8 1.9 0.5 0.5
"107 0. 7 0.61 3. 1 1.0 0.7

V"; 112 1. 1 0. 7 3.?2 1.4 1.3

119 1.4 0.61 3.3 1.6 1.3
I 128 2.5 1.2. 3.3 4.5 2.7

I 142 1.9 1. 1 3.8 2.2 2.4
"156 3. 1 2.3; 3.7 3.9 5.7
185 1.9 1.61 4.6 5.6 4.5 2-

S .... ... . .. . 99 .. . . .4 -2--.. . .. 7"1 -847; 2 - - 4,3 -

23 213 5.3 6.9 9.6 8.4 3.4 123I I "
"2 2Z'7 8.4 7.9! 21.5 18.3 15.1

I 240 11. 3 7.7; 14.1 12.0 11.5

254 33.9 11 0! 23.4 18.0 1Z.3
' 282 11,7 10.4, 15.2 17.0 12.3

31Z 15 10.1' 15.4 1.0.5 14.1
335 23.9 17. 1 19.9 Z1.4 20.2
365 zi.1 i 1 0. 18.9 15.8 20.2

" 405 18.17 5.6, 14.3 15.5 18.4
419 32. 1 24. 8 13.9 16.9 19.6

S 34-" I 34'
aLe than 0. 1 ppm I

I * I

'I• I I 3"

-,- ". , I - 7 "-

197I

-.. . ,. I .. ,
V .**-.-- ---

"I~
S. ...
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"Table Z7. Percent Loss on Drying of Soil from East

Lysimeters, Group 1 -- 207 Days from Original Inoculation. !

Sample I 4

Depth I
(in.) Ventura Chino FulLerton Walnut Brawley Mfan

1/8 - 6 10.25 9.63 1 .31 11.75 12. 18 10L 82 f 8

6-1Z 1Z. 04 14.45 11'.72 13.58 16.49 13L66 10jIC1 I

12 - 18 5. 47:: 14.84 12. 89 15. 12 17. 56 151 10 I i

1 18 -24 2.68: 14.21 11.52 17.04 18.79 15L39 S113

I Z4 - 30 13.07 14.73 11.17 17.79 17.82 141.92 z

30 - 36 14.32 15.16 121.42 16.50 12.88 14L26 I

36- 42 15.52 15. 73 15.96 14.43 19.70 16i.27 1:17
42 - 48 17.01 15.47 16. 97 13.01 14.08 15 31 ,.

2' 48 - 54 16.23 15. 37 17.99 17. 17 21.97 17 75
54 1i ý97 1.2-a 22.298 11}[08nR l

After 2-week drainage.

""'Sample jar left open before determination.
--,- I , I

-,.. ..... ...__ _ _ _ _ _ _ _ _ __"_ _ - I 2 ,

Tihe quantity of DI1AP varied slightly for the different types of soil. because )

of the slight variation in their apparent density. These quantities are ast .IC3
follows; i 3

,3 32

.33 33
34 Quantity of 34
,• 3 DIMP Added 35

3 Soil Type (gin) 1'36
3 7
3 Chino, scl 5.60 I

S1 3')
Brawley, sc 5.22

Al.; I Ventura, cl 5.98

Fullerton, sl 5.22--25 --

Walnut, cl 5.3598 ,,

-98 _ !-
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The irrigation was carried out at the rfate of one time pez v.week for the fist ii

six Vweeks and due to changes in the drainage rate was changed to one time I ?

per two weeks for the remainder of the experiment. I

Analysis of the ground water samples showed the presence of DLMP ultimatelyr 5

at every level in the lysimeters in two'cases and at almost every level iri

the other three. The terminal data after 315 days of irrigation are show'n * 7
in Table Z8. 8

9 i I9
10 Multipoint soil samples were taken as in Group 1 (Section 3.3.1. 1) at the ',
1 final sampling period. Analytical results for these samples and the individu 1 I1

* data points from which they are derived are in Table B-3, Appendix B. 12
13 I 113
14 I 14

* Table 28. DIMP Content of Ground Water Samples
at 315 Days (ppm), Group Z. .

17 17
.* I Depth .

(in.) Ventura Chino Fullerton Walnut Brawley I

.201-

23 1 1 Z3

2 30 9.3 46.2 21.8 12. 2 58.6 I

25 42 7Z.2 33.7 15.9 18.2 I
26 I

Z7 54 39.5 z4.6 31.1 61.5 Z

60 2.2 45.4 *

;"3 0 I3 ,-l
3, I

31 < 0. 1 ppm I31

.," 33 No sample I 33
34 I 3-_

35 I3

Drainage ratios were determined on the Group 2 lysimeters in the same1

7 manner as described previously. Table 29 and Figure 46 present the data 137
i • from these determinations. 13,•

39 39

,, Material balance figures for DIMP recovery in the Group Z experimentslare 41

shown -n-Tables 30 -aid-3I and-ard basdcupohn the anLount cbf DIMP detetrmine'Icr. I'-

in the soil core samples since essentially none was lost through drainage. L
44a I t '-

i 2- ,41
S~99

'I

1.,*..-* ...- * - *-*-
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Table 29. Drainage Ratios, Group Z.

4. °' 3 -

Lysimeter 4

Age 5
(Days) Chino B rawley Ventura Fullerton Walnut Average

.7
7 0.03 0.12 0. 3 0.07 0.09 0.09 8

14 0.01 0.04 0.11 0.03 0.00 0.04 9
21 0.02 0.00 o.bo 0.13 0.08 0.05 010
28 0. z0 0.0z 0. 1 0.35 0.47 0.23 ii
35 0.30 0.18 0.32 0.44 0.48 0.34

,42 0. 31 0.33 0.41 0.41 0.56 0.40 13

56 0.72 0.70 1.03 0.90 0.91 0.85 14

* 70 0. 35 0.34 0.47 0.63 0.44 0.45 I5
84 0. 10 0.05 0.21 0.30 0.24 0.18

' 98 0. 11 0.10 0.23 0.34 0.35 0.23 '17
liz 0.15 0.13 0.22 0.37 0.35 0.24 13
IZ6 0. 13 0.24 0.23 0.33 0.26 0.24 1')
140 0. 07 0.15 0. 17 0.30 O.ZZ 0.18 : 0
154 0. 18 0.09 0. ý7 0.24 0.28 0.19 '.:

168 0.28 0.26 0.41 0.85 0.64 0.49 22
182 0. 28 0.20 0.?4 0.32 0.46 0.32 1'

, 2" 196 0.14 0.1Z 0.23 0.3Z 0.45 0. I

* 210 o0.18 0.11 0.10 0.27 0.37 0.27
22- 0.24 0.08 0.16 0.23 0.41 0.22
238 0.24 0.15 0.29 0. 32 0.47 0.29 I
252 0. 15 0.09 0.22 0. 24 0.36 0.Z1 2 S

S280 0.37 0.35 0.50 0.51 0.81 0.51 '

294 0. 14 0.15 0.22 0. 29 0.55 0.27 0
308 0.20 0.16 0. 29 0. 36 0.38 0.28

.322 0. 14 0.09 0.25 0.35 0.38 0.24 3a

4 .- , I
*3 3

32.

.I. I J •

-i :) i 3
' 40 q (, F-;

• 4 .) . .. .. . .. . . . . . . . . . . .. . . . . .... -0 ,-1
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F -- Table 30. Average DIMP Content of Soil Samples (ppm) 1
S9 After 322 Days, Group 2. 2

Depth 45 I (in.) Ventura Chino Fullerton Walnut Brawley 5

70 (surface) b b b b b 7
S 0-6 b b b b b Q
9 •

10 6 - 1 b b b b b 1 012 18 b b b b b '4

1 2 11 2 ,
IS 8 24 b b b b b 13

.424 -30 0.9ga 2. 3a b b 1. 6a 1
Ia!5 

-
30 -36 3.5a 4.0a b b 14.4

7 36 -42 9.4 9.5 9.7 b 17.0
42 -48 10.7 11.1 12.8 3.0a 9.1 19

'1 48 -54 11.7 7.4 11.0 .6.8 4.5

54 -60 7. 1 3.0 14.0 9.8 _KiVd,,3

aGroup contains some samples with no detectable DIMP;

25 i.e. < 0. 1ppm. i I
- ,b 2 70. 1 ppm. I 2

32 3

35 5!
3.: 32

35 37
37 3

...102..

mii
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- Table 31. M[ateriallBalance, Lysimeter
. Group 2, ý322 Days.

3 3
4 4
7; Weight of 5

I DIMP DIMP i

7 Recovered Recovered 17
Soil Type (gin) (%0) 8

Q I 
I 'C

t0 Chino 2..10 37.5 10I Ii

Brawley 2.41 46.2 I1

Ventura 2.53 42.3
13 ' t3
1 Fullerton 2.00 3S.3 I4

- 13

, Walnut 0. 14.8

Data from the individual core samples used in this material balance detrni 1-

nation are shown in Table B-4, Appendix B. I 2

"- The amnount of wvater present in the soil samples was determined on Gro~ip 2 2
samples. Table 3-2 shows data derived in the same manner as that for •ro --. 1

Figure B-7 in Appendix B compares these data with other similar data.

3.3.2 Volatilization Studies (Radioactive Studies (Radioactive).

Results of anaiyscs of the soil and solvent samples removed from the radio-

active tracer experiments described in Section 3. 2.2 are presented in Tables

33 througia 36. The total 1-in. deep sections of soil were analyzed individu- '3

ally. The figures labeled "total" are summations of all of the component . 34

"- fractions for a given sample. -5

37 I 37

.. .. 3 . 4 D I S C U S S I O N , ;

SI I I 9

3,4.-l- --DIMP-

14
; The C tracer experiments indicated that DIMP mixed with wet or dry 1--
Fullerton sandy loam was not lost to the atmosphere by volatilization in, .

10
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, Table 32. Percent Moisture in Soil of Group 2 Lysimeters i
S'34 Days from Original Inoculatioa. ý-2

3i3 ' I1 I

S SampleI i5

Depth I Io
"(in.) Ventura Chino Fullerton Walnut B rawley Mean j 7

1/8- 6 5.95 13.05 11.93 14.00 14.51 iI 89 9
10 10

S6 -12 7. 28 15. 30 14 02 15. 88 17. 99 14' 09ame Fule.o 1 H.1
r

12- 18 16.40 17.00 12.53 17.30 19.96 t6•64 12

18 - 24 16. 52 16. 79 14. 28 19.30 19.01 171 18 1

" 24 - 30 17. 36 16.79 151.68 17.42 20. 55 17'1 56 i

30 - 36 i7. 84 17. 17 17. 03 20.76 22, 36 191 03

I 36 - 4Z 18.70 17.77 18. 59 21.76 21.97 19t76 , 3
I: I I 19

42 - 48 20.09 18.35 20. 10 Z4.64 21.97 ZIL 03 ,

48 -54 21.24 19.15 19!. 80 25.60 21.60 21L48 ' L

54 V 12i -"___ i

I ."I
After 2-week drainage.

I

-', significant quantities. This finding will influence conclusions based on the

"data from the lysimeter experiments. In the case of the Group 1 tests iL0
":. which an average of 55% of the irrigation solution added was recovered, i

the'average recovery of DIMP was approximately 48%7o. In the case of Gr'oup I 32

tests in which the average recovery of the irrigation water was 28% the i13

7' average recovery of DIMP was approximately 36%. 34

Since the lysimeter soils in both Groups I and.2 were saturated with water 36

before the first addition of DIMP it can be assumed that the most probable 37

mechanism of surface water loss is vaporization. This conclusion is coin-
"patible with literature values'* for rate of evaporation of water from soil;j• :" surfaces. i

LAudu, J 3. The Phsio1-y and Biochemistry of Herbicides New York:
Academic Press (1964), 1. 133. I ,

"104I

,.__1!
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In Group I it appeared that the surfaC,. l.avers of the soils accumulated tlie I

DLMP in a concentrated band and allowed it to be stripped off and distributdc l

throughout the soil profile in a more dilute condition. in Group Z it appeared 3

that the I)IMP which was dispersed through the top 1-ft laver of soil never 4

achieved a .,arrow concentrated band bi ., in all cases, moved down through

the lysimeter with the added water in a broadening band condition. 6

The soils used in this study w.e-re selected to give a range of particle sizbs 8

"and physical and chemnical characterisfics which might be encountered in! ,

typical agricultural areas. For instance Brawev. clay has the greatest 10
quantity of small pa--ticles. It would be expected that, all else being equal, 11

ai surface area' dependent absorDtion phenorrenon would lead to a greaterý I

h1oldup of the . in the B"raWLev,'. soil -.nd the least aniount in the Fullerton 13
soil ,.vhicnl was h:thcst in coarse particles. Such a direct inplication doss 14

not hold ' tnis uhenonwinon and a much ,,reater study in depth of the soil

cinaract; '--.Lcs and thcir inte'actions with the characteristics of the conr- 16

* 7 taminant conimounds wvould be needed before definitive relationships could 17
be generated. 0

Binding of DIMP to dry soil versu- wet soil appears to have some difference 2

in effect. Group I tests anpplied a solution of DIMP in water to a previously 21

-_ moistened soil colul-, " .. roup..2 -ixed [ANMP with a layer o.f dry soil which , . .

* was then leacnned in! u a previousci moistened soil coLunmn. The D[MP from • 3

the Group 1 lysimete s enmerged fromn the drain in det..-ctable quantities in

less than 30 days while the Croup 2 DIMNIP emergence required approximatel

150 day . 1 .6

4. Z CC DDS ... 4,Z DCIPD I ",

Lack of a suitable sensitive chemical analysis procedure for DCPD in the

ty-pes of samples generated in this D-'ogram led to its exc s;.on from the,

' ]ysmeter study. As in the case of DIMP, however, the C tracer stud', 33

indicated that the major portion of DCPD incorporated into dry or wet soil 34

rmatrixes was not volatilized into air passing over the soil surface. II I ~A

This type of experiment does not confirm the existence of the original corn- 7

* pound (i.e. , DCPD) in the soil but only the 1 4 C. It is possible then thatl C,

the original compound is stable in the soil, that it has decomposed or poly- '

inerized to other u,_na:jorizable speci~es, or that it has become relatively "-

-rreve rsibiy bou oi to tihe-s 'l... .... . I

. U, n .. h co gnificant decompost;ton into vola-ijeo• ,•,cv pu tz ':. ,•fte C)po n r .... c.
. ioiicts c._LCO I..oes not ar-ppear to be the case. _________-

1 09 4
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t Section 4 t

3 CONCLUSIONS 3

4.1 I .1.0

I 7
I;

U! I 8

9 4.1 1 Phytotoxicity
Jo

1 1 High concentrations of DIMP (100 ppml and greater) in hydroponic nutrient

?. media cause tissue damage to various types of agricultural plants. Tisslue 2
acn(amage includes foliar necrosis evidenced by browning and curling reactions 4

, and dwarfing,. Low concentrations in the same system (10 ppm or less) 4.l.

hiave no visible effect or in some cases cause an enhancement of growth.1

Under conditions of irrigation with DIMP contaminated water in soil culthre
of sugar beets, carrots, beans, wheat, and alfalfa the effect level for foxiar

damage in mature plants was placed at approximately 50 ppm. I 1

30: 2 I

- U .4. 1. 2 Bioconcentration
I I I

'%ioconcentration of DIMP within the living plants was demonstrated bI hem -

ical analyses of plant tissues from both soil and hydroponic culture. For I

most olants the concentration appeared to be centered in the leaves. ThJe

edible portion of the plants normally consumed by humans, such as radish, -7

"carrot and beet root, bean pods, and tomato fruit, display little tendency to 2
accumulate the DIMP and thus would not function as concentrators in the'

"human food chain. Other portions, such as wheat, fescue, beet and corn I 0

.eaves, as well as other leaves which appear to concentrate the DIMP in. their

tissues if used for animal fodder, could be a route of entry into the food chain,. "4

'The significance to the human food chain of this intrusion is dependent upon 33

the ultinmate fate or location of the compound in the animal organism. , m t

The mechanism by which the plant leaves accomplish their concentratioA of

DIMP is not explained. The DIMP in solution appears to follow the generat 3,

water movement 1n the plants; i.e., the roots and stem being transport media 38

and the adri2d transpiration of water by the leaves having an effect on thq 3!

deposition of contaminant compound in their tissues. I

A
"l IV 0

I-I
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4. 1. 3 Environmeental Fate in Soil I1 I I2

Radioactive tracer experiments have shown that DIMP, when mixed with wet 3

or dry soils, is not lost to the atmosphere by vaporization to an appreciable 1 4
S degree. Little of the radioactivity in DIMP (Me - 14C) is lost to movingl

airstreams in soil retention experiments.

Soil lysimeter studies have shown that for a range of soil types DIMP cht-oni- 8
cally applied in irrigation water accumulates in the soil surface and is ulti- 9

0 mately distributed throughout the soil profile in a dilute condition. Approxi- 1)0

rmately one half of the DIMP applied under these conditions was recovered
2 1 as was approximately one half of the added irrigation water. '

13 1 13
* ,Although it was indicated by the radioactive tracer experimi.ents that DIMP ..

.- rnixed with soil does not have a significant evaporation rate, that does not!
rule out the possible relatively small amounts of evaporation of DIMP which

S; are dissolved in water standing on the soil surface. Experimental data on I 7

the vaporization characteristics of dilute solutions of DIIP in water arel
required before definitive statements concerning mass balance in the lys-i-

-meter tests are possible, but if one can assume the validity of the vaporlza-

S artion phenomenon proposed above, the mass recovery data from these tests . -1

•-, are reasonable.,i . .

- On the other hand, of the DIMP which Was intimately mixed with soil bef re

l !eaching with water, less than one half was recovered (36%). The amount

of water recovered also was comparable (28%). Without additional expeii- 2C
"•mental data it would be premature to propose mechanisms to explain these
material balance figures. Data relating to DIMP solubility rates in water, ' ",

chemical decomposition, and characteristics of binding to soil would all I

affect such proposals. I

. Downward movement of the DIMP applied to the soil surface layer and leached

2, with distilled water has been demonstrated. DIMP, originally at 20 ppm,. in a 33
3 1-ft surface layer, was not detectable upon termination of the irrigation'

i

". experiments nearer to the surface than . fL' in several cases. In the remain- 3

Ing cases the DLMP was undetectable to greater depths. These results indi- 3,

"cate that DIMP contaminant applied to soil definitely moves through the soil
C with irrigation water flow. j 3•

: The rocedures used in the analysis of the DIMP s.rnmpies appear to be rea- 4.)

S sonable:ietive;. -So-il-andplanr extracts and di~ectW•atdr sarrplg subj-ced- e

to gas-liquid chromatography and alkaline flame ionization detection can -

routinely detect > 0. 1 ppm added DIMP in the sample matrix. Repetitiv.
reextraction of sarmples prodluces no detectable added DIMP. The chief -

- ..- - - - - - -i - .- * -________________ --.

) ii
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ad f'h-,nlyial - -"3

advantage of this analytical technique is its sensitivity to phosphorous con-ri_
pounds. One conceivable disadvantage is that without much more elaborate I
apparatus (i, e. , mass spectrometry) it can only be used for the specific I 3

.= I compounds whose chromatographic characteristics are known. In terms1 4
of this stud-&- it is useful for determining DIMP only as the DI1MP molecule 5
and not its unknown or low concentration decomposition products. U

8 , 8
4. Z DCPD 9

i o 10110 I 1O

.2 1 4. Z. 1 Phytotoxicity I
;3 1 13

Sufficiently large applications of DCPD (1000 ppr4) to hydroponic nutrient•L

baths produced stunting in most plants. DCPD-water mixtures applied to the i3

soil surface in soil growth tests derncastrated no significant phytotoxic effec . i4

The lack of transport of the DCPD throughout the system especially to tle " 7
plant roots, because of its low solubility in water, is probably a mnajor rdasod 1

* for this. 9
0 I 20

* "The hydroponically grown plants survived the DCPD in a relatively unscathed
conditiJoni'ecause of the experirmental arrangement in which the plant roots
were continually submerged in the nutrient solution and air was suppliedtby Z3
bubbling it ;.to the solution. The roots were never lifted through the fil*n I

'of DCPD v, hich covered the surface of the baths. I

II I 26
"Tests of ZC-PD were run without solution aids in an attempt to duplicate 27
sinple, natural conditions. If the phytotoxic effect of DCPD per se is tq be 28
examined, topical application, injection, or the use of innocuous surfactants
should be considered. 0I 0

"i I3
-' 4.2.2 Dioconcentration I 23

-'. 34

Since 100 ppm DCPD was the Limiting concentration for the analytical sy~stem 36

without subjecting the samples to a concentration step, and since no DC1FD ' 37

SwAs detected in any of the tissue samples tested it must be concluded thit 33
there was no bioconcentration, as defined above, of DCPD in the 100 andI i 39
1000 ppm '.ydroponic plants. This may not be a totally valid conclusion in In
this case because the re is no Vnforn`atio n available as to the actual cont-ii ziG -1
nation application level seen by the plant roots. i I "z

d _ __- " ' I~j j -

12.
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DCPD when applied to plant soil environments in the manner used in these
experiments wi.11 have no discernable phytotoxic effect. 2

:3
-) i

7. 4.2.3 Environmental Eate in Soil
I 1 6

The data from this study regaruing thc cnvironmrenLaI fate of DCPD in soil 7

are restricted to that from the radioactive ( 1 4 C) tracer study-. These da'ta

indicate that the major portion of DCPD radioactivity from test samples 9

of 20 ppm DCPD from dry or moist soil appears to remain fixed in the soil I 10

under the experimental conditions. This exoeriment was designed to obderv ii
• he stability of the compound in soil under a moving airstream. To gene'rate 12

data as.to movement of the DCPD under a condition of irrigation will require 13

* additional experimental activity. I I

7 I 1

9 t9
20 i,20

23- I 3-

25 i2

30 3

2 ' I23

2 34

2--': I 
3 5

31

C 6 36

37 37

338
S139

7 4 1
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ii' 2 39
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S- Table B-2 DIMP Content of Group I Lysimneter Soil,
426 Days. (Sheet I of 3)

Concen- I -

-'tration of Weight of

I Sample Sample Section DIMP in DIEP in DIMP
Depth Weight Weight Section Section RecoveredS(in.) (gin) (grn) (ppm) (gm) (0110)

WALNUT
i

' I 0 (surface) 2.6 2,563 33.3 0.09

0-6 25.8 25,434 9.0 0.23

"6 - 12 44.8 44,164 8.2 0.36

12 - 18 38.9 38,348 7.2 0.Z8

18- 24 51.9 51,164 6.0 0.31

"" 24 - 30 47.6 46,925 i 6.5 0.31

-- 30 - 36 45.9 45,249 I 7.5 0.34

. 36--Z.......3-.0 36-,-475--- 8"14

42 - 48 28.5 28,096 8.8 0.Z5

... 48 - 4 26.8 26,420 . 7.3 0.21

""54 - 60 67.4 66,444 6.3 0.42

Total 3.04 31.8

I 7 VENTURA
- 3-

0 (surface) 2.3 2, 267 7 28.4 0.06

0 - 6 27.3 26,913 6.5 0.17

6 - 12 48.4 47,713 4.8 0. Z3

- 12- 18 44.4 43,770 2.5 0.11

1 18 - 24 44.6 43,967 3.3 0.15

Z4- 30 30. 6 30,363 z.4 0.07

30 -36 40.5 39,925 2. 7 0.11

132
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I Table B-2 . DIMP Content of Group I Lysimeter Soil, i

;4Z6 Days. (Sheet 2 of 3) -

3
Concen- 4

tration of Weight of

Sample Sample Section DIMP in DIMP in DIMP I

Depth Weight Weight !Section Section Recovered I 7
(in.) (gin) (gin) (ppm) (gin) (0o)

9

36 - 4Z 32.8 32, 335 4.5 0.15 , 10

42-48 59.6 58,754 j 2.9 0.17

I 4 48 - 54 68.9 67,922 I 2.8 0.19 13
i

5 54-60 86.3 85,075 3.1 o.26

I __1.67 17.5
i t

FU LLY-.I'TON SI'I i 9

0 (surfacc) 3.3 3, 253 23.6 0.08 c,

o 0 -6 Z3.0 ZZ,674 8.7 0.20 -

3 6- 12 48.3 47,615 7.1 0.34

12- 18 44.3 43,671 6.1 0.27 I

18- Z4 47.5 46,8Z6 5.9 O.Z8 '-4

24- 30 41.6 41,010 5.7 0.23 .

30 - 36 24.6 24,Z51 8.3 0.20

36 - 42 34.3 33,813 5.8 0.20 I

42 - 48 37,2 36,672 6.1 0.22 -

48 - 54 35.4 34,898 6.4 0.22 -4

54 - 60 77.9 76,795 I 4.9 0.38
z~~Z 3 .62 27. 5.7

BRAWLEY

S--0(surface --.. 4- 8 -- 4.-732- - M -4- - --.. .. 0.09 ....

0 - 6 31 3 , 6.5 0.20

S6 - 1? 17.2 16,956 8.6 0.15 4

" -":_ _ __133 __ _"
.133- "
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r - Table B-2. DIMP Content of Group 1 Lysimetei Soil, I

426 Days. (Oheet 3 of 3) - a

,2- ~Concen- .

_____tration of SWeight of D 5

6 Samp~le Sanmple Section IDIMP in DIMP in DIMPt6

Depth Weight Weight Section Section Recover'd
-n)n 84:; (in.) (gin) (gm) !•(ppin (gin) (o

1,2 - 18 14.4 14,196 7.0 0.10

I 18 - 24 iZ.1 11,9Z8 , 7.6 0.09

24 - 30 14.3 14,097 6.9 0.10 13
I 30 - 36 "'1.7 Z1,39Z 6.6 0.14 ,.

1636 - 42 31.7 31,250 5.7 0.18 IL
i7

!4 -485z. 9 52, 149 6.o 0. 31 1 1S

.?48 - 54 48.8 48,108 5.0 0. 24 1 ' 2

54=60 73.4 7,358 5.8 0.42 __' 2

2, . . .. D 25

CHINO

0 (suriace) 2. 2 2,169 28.9 0.206
d-0 - 6 46. 2 45, 544 7.4 0. 34

tZ 6- 33.6 5Z,839 7.1 0.38 1 Z

12 - 18 55.3 54,515 5.3 0.29 I

q 18 - 24 60.7 59,839 25. 2 0.31 3Z
35 Z4 - 30 62. 4 61,515 4.9 0.30 •3

•'" I34
- 30 - 36 59.3 58,459 3.5 0.20 1

36 - 4Z 59.2 58, 360 4.1 0.Z4
1 37 I

. I 4- 48 54.0 53, 234 3.0 0.16 3.3

-" 48 -54 52.2 51,459 3.5 0.18 .:)

.. .. ... 4---- 62.- - 62,007 -6.. 8- - 0;42 30. H .

.988 30.2,

- 134.-
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Table B-4. DIMP Content of Group 2 Lysimeter Soil

After 322 Dayst (Sheet 1 of 3) - 1

31 3

Concen- I

- 3 I tration of Weight of 5

Sample Sample Section DIMP in DIMP in DIMP

Depth Weight Weight -Section Section Recovered 7

(in.) (gmn) (gn) (ppm) (gm) (go) j

* :, ~CHI~NO10Si ...__ _ _ 11
412

2 0 (surface) 3.6 3,549 a a i

"3 I 13

0 - 6 32.4 31,940 a a '14

S 6 - 12 57.3 56,462 a a I 5•." I I16
12 - 18 49.6 48, 921 a a 17

",t " 18 - 24 67. 6 66,641 a a I •

24-30 69.9 68,908 30.16

"30 - 36 65.0 64,078 4.0 0.26 .

36 - 42 60.5 59,642 9. 0.5 23

""''I 42 -48 56.1 55,Z55 11.1 0.61 "

5
48 -54 46.5 45,865 7.4 0.34 I

54 -60 55.4 54,565 i 3.0 0.16 7

2.1 37.5
'0

* F 3BRAWLEY
* I

'" 3Z

0 (surface) 6. 1 5,991 a a33

S0-6 25. 2 24, 793 a a

6 6 -1Z 27.0 26, 592 a a ,36

12 - 18 V7.6 Z7, Z08 a a• I 38

* 18- 24 20.4 20, 110 1 a a ,
?:24 - 30 z I .O 20,677 11.6 0. 03

30 -36 34. 1 33,641 1 14.5 0.49 I

36. 42 47. 0 46, 333 17.0 0.479

_140-
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Table B-4. DIMP Content of Group 2 Lysimeter Soil 2
O After 322 Days. (Sheet 2 of 3)

S-" Concen-
tration of Wveight of

Sample Sample Section DIMP in DIMP in DIMP 0

Depth Weight Weight Section Section RecoveredI
(in.) (gin) (gin) (ppm) (gin) (M)

42 - 48 60.7 59, 789 9.1 0.54 ,10

48 - 54 72.4 71,422 4.5 0.32 I

54 - 60 85.3 84,040.. 2.9 0.24 it3

S2.41 46.2 1
, ' 1;5

"VENTURA

0(surface) 5.6 5,521 a 0 1

0 -6 39.4 38,841 a 0 1 20
'6 -12 , 4 .qZ, 31 41,675 a 0 :'2

1-18 Z5. 9 25,533 a 0
1-" 2b-11. 32. 5 32,039 a 0 !•'

II . .

24- 30 31.4 31,004 0.9 0.03 26

30 -36 29.4 28,983 3.5 0.10 ""

36 - 42 39..3 38, 767 9.4 0.36

* 42 - 48 59.3 58,483 10. 7 0.63 1

-. 48 - 54 69.4 68,415 11.7 0,80 ' ,

" 54 - 60 86.9 85, 64Z 7.1 0.61 3

2.53 42.3 1

FULLERTON -7

"0 (surfPce) 4,0 3,943 . a a I

0 -6 32. 0 31, 546 a a -

6 -j 12 50. 5 49, 783 1 - a

12- 13 42. Z 41, 601 .a

.141 '



0I

4 1 953-01U(01)FPI I
. . Table B-4.--Di• Content of--roup- -simeter Soil .. i

After 3-2 Days, (Sheet 3 of 3)

5 C~oncen- 5

Stration of Weight oi

Sample Sarnple Section DIMP in DIMP in DIMP "
Depth Weight Weight 'Section Section Recovered
(in.) (gmn) (gm) (ppm) (gm) ()3

18 - 24 39.7 39,137 a a

I 24 - 30 31.5 31,053 a a

30 - 36 39.7 39137 a a -

36 - 4Z 36.2 35,686 9 7 0.35

42 - 48 35.3 34,799 12.8 0.45

S 48 - 54 37.9 37,362 8.5 0.32

54 - 60 79.4 78, 273 11.3 0.88 j Q

4 I

"•,0 Z~. 0 38.3 ,.9

0- i a "
. WALNUT

6 12 51.6 50,868 a a

* 12-18 37.8 37, 264 a a

I 1- 24 45.3 44,657 a a

'- -( 30 31.9 31,447 a a i

G,- 36 36. 3 35,785 a a

6 3 4z 40.4 39,867 I a. a a

42 - 48 6. 8 26,420 3.0 0.08

" 48 - 4 30.0 29,6574 6.8 0.2

-4 - 10 ,9 52 9.8 0.51

- a 1 s than 0. 1 ppm.

1 Z

____ ___- .* - --.---. *----.-.---.- -~ -** *--- -- - -.- ~**~.--.----- ---

• O. 9 14.8 .4,


